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Abstract

ﬁ English

The following thesis deals with BIM methodology implementation in Trieste’s Logistics
Platform enlargement project. The thesis is focused on the modelling of the Mechanical,
Electrical and Plumbing equipment (from now on called MEP). The thesis development was
contemporary to the construction activities, so the work is based on preliminary design
documents. The main goal of the thesis is to elaborate a model that follows as accurate as
possible international standards in support of collaboration and interoperability.

The thesis is divided into chapters, settled in chronological order as they were
developed. The first chapter includes some BIM methodology background, especially focused
on MEP, and an introduction of the study case. A second chapter explains in detail the
information production process, including tools implemented and standards followed. A third
chapter is focused on the delivery phase of the information, where it is explained how
information has been exchanged between the different teams involved in the design. The next
chapter mentions some applications the model could improve by implementing BIM, what
standard calls information management. The first part discusses the inclusion of a fourth
dimension into the model using Synchro software. The second part focuses on the facility
management activity. The idea is to describe from a critic’s point of view what has the author
considered the best practices for achieving the set goals. In addition, the thesis is also focused
on interoperability problems that may occur while working with BIM projects.

l I Italian

La seguente tesi tratta sulla implementazione della metodologia BIM nel progetto di
ampliazione della Piattaforma Logistica di Trieste. La tesi & focalizzata nella modellazione degli
impianti meccanici, elettrici e di piombatura (da ora in poi chiamata MEP). Lo svolgimento
della tesi e stato contemporaneo alle attivita costruttive, quindi il lavoro si basa su disegni in
fase preliminare. L’obiettivo principale della tesi € quello di elaborare un modello che segua il
piu fedelmente possibile le norme internazionali a beneficio della collaborazione ed
interoperabilita.

La tesi & divisa in capitoli, ordinati di maniera cronologica a come sono stati sviluppati.
Il primo capitolo include materiale teorico sulla metodologia BIM, soprattutto focalizzata nella
parte MEP, e una introduzione del caso studio. Un secondo capitolo spiega il passo dopo passo
per il processo di produzione dell'informazione, includendo gli strumenti implementati e le
norme rispettate. Un terzo capitolo & focalizzato nella fase di consegna della informazione,
dove si spiega com’e stata scambiata l'informazione tra i diversi team coinvolti nella
progettazione. | seguenti capitoli fanno menzione su alcuni possibili usi del modello affinché la
implementazione del BIM sia approfittato. La prima parte tratta la inclusione di una quarta
dimensione nel modello grazie all’'uso del software Synchro. La seconda parte si focalizza
nell’'uso del modello per il facility management. L'idea € quella di descrivere da un punto di
vista critico quali sono state le pratiche che I'autore ha considerato come le migliori per
raggiungere I'obiettivo. Inoltre, si fa particolare attenzione in problemi di interoperabilita che
possono capitare nella elaborazione di progetti BIM.
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1. Introduction

Modern building engineers and architects have heard about BIM at least once over the
course of their career. Over the years its popularity increased so much, that some countries
adopt it as a requirement for public works. This strongly point which way professionals and
companies in the Architectural, Engineering and Construction industry must follow if they want
to remain competitive.

BIM acronym, which stands for “Building Information Modelling”, has been first
introduced about the 90’s in a paper written by G.A. van Nederveen and F. P. Tolman.
However, it has not become popular until the principal software developers for AEC industry
included it into their terminology as a common name for the digital representation of the
building process. Until then the information consisted on 2D geometry or at least 3D simple
models, from this moment it became possible to add information to the different elements by
using attributes.

At that time the application of BIM was reduced, but as technology evolved, new BIM
based software were introduced to the market and BIM potentiality has drastically increased.
Nowadays this methodology can be used for different purposes, from cost estimation to
maintenance scheduling. The following table gives an idea of the activity spectrum of what can
be done by using BIM methodology.

PLAN DESIGN CONSTRUCT OPERATE

Existing Conditions Modeling
Cost Estimation

Phase Planning
Programming
Site Analysis

Structural Analysis
Lighting Analysis
Energy Analysis

Design Authoring

3D Coordination
Site Utilization Planning

3D Control and Planning
Record Model

Maintenance Scheduling

Building System Analysis

Wlrrimary BIM Uses Space A ]

Plsecondary BIM Uses ___ Disaster Planning |

Figure 1 - BIM uses (Computer Integrated Construction Research Group, 2010)

First of all, it is important to highlight the difference between the two concepts that
are called the same way but mean two different things. Some people refer to BIM as the
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Building Information Model, which is the result of the implementation of the process
previously mentioned. This model is just the geometric representation, within the spatial and
contextual relationships, the constraints and building quantities and properties. The term to
which this thesis will refer as BIM is “Building Information Modelling”, the methodology.

Creating a Building Information Model means to construct something digitally. This
means that for BIM-based projects the construction is made twice, what usually is reflected
into precious time and resources for creating a model. These models, however, increase the
understanding of a project as well as improves communication between design and
construction team. This way, many risks related to the construction phase are avoided,
increasing the profitability of the project (NBS, 2016).

However, this is not the only benefit that can be taken from the use of BIM
methodology: The model created during the design and construction phases, once the
construction is finished, should be updated in order to get the as-built model. The as-built
model consists on a group of objects, that will represent the assets in the building. This model
can be updated each time small works take place, such as repairs or replacements. By doing
this, it is obtained an as-is model. The objective of having an updated model is to improve the
efficiency in operational phase activities.

The important concept to highlight is that BIM is not also helpful in the design and
construction phases, but also in the operational and demolition ones. Because of this, it is said
that BIM data can be used to manage the entire building life-cycle.

Conceptual design

Programming

2t

Building
Information
Modeling

&

5

Fasbor ic.at iosn

Constructsan

Construction
Liogistics

Demalitian

Figure 2 - BIM influence in the project lifecycle (Cambodian Constructors Association, 2016).
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1.1. Interoperability

In the project delivering process, many actors are involved. These actors are usually
grouped by parties, which are at the same time assembled into teams when they have to
perform a specific task. Parties exchange information in the appointments. The appointed
party is who provides the information to the appointing party. This information must follow
some requirements in order to be exchanged. The information is formed by containers and the
set of containers form the information model. These information containers are practically all
the files generated by the project team, which can have several extensions depending on its
nature.

appointing party

lead appointed party

appointed party

wariable amount

project team

illlustration of a delivery team

task teams)

4 information requirements and information exchange
“4-# information coordination

nm:bE

[

Figure 3 - 1SO 19650 interfaces between parties.

It is important to mention that there is not only one unique software encompassing all
the activity spectrum. A software is a tool created for a particular purpose. During the
information creation process, designers may need different software of different firms, which
use different formats and languages. This is where the term interoperability comes up.

It is possible to see a project as the biblical narrative of the Tower of Babel. The story
takes place in a time when all humans spoke the same language. Men decided to create a
tower that could reach the sky. Nevertheless, when Yahveh (God) saw the tower he felt
threatened, so he decided to create different languages. The multiple languages made people
get confused and consequently the tower could not be finished. It is possible to compare the
people involved on its construction with the different software, as well as the tower of babel
with the aim of the project. The lesson from this story is that in order to reach an objective, all
actors must unify the way information is exchanged.

The idea of creating standards is born following the same principle. Actors that follow
the same standards speak the same language. Unfortunately, there are lots of different
standards even in the same country, like the case of USA. They were created in order to fulfil
different requirements. The use of British standards for managing information became very
popular on BIM environment, so nowadays the creation of an international standard based on
those standards is in progress.
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The term that defines how well is information exchanged between two different
software, is called interoperability. Usually during the process of importing and exporting files
from a software to another, some data are lost. These data can be graphical or even
alphanumerical. The best is having a model interchange without distortions. The less
information is lost, the better interoperability between two different software is.

OpenBIM

OpenBIM is a universal approach to the collaborative design, realization and operation
of buildings based on open standards and workflow (BuildingSMART, 2016). The use of
openBIM results in many advantages like the creation of a common language for widely
referenced processes and the support of a transparent open workflow that allows project
members to participate regardless the software tools employed. It is an initiative created by
BuildingSMART in collaboration with the principal firms on the BIM software Industry.

IFC Standard

IFC standard is only one among five types of open standards in the BuildingSMART
portfolio. It has been translated into an ISO standard, the ISO 16739. The standard refers to
information and data transporting. It basically promotes the use of IFC open format for sharing
all the building information.

ISO 16739 (IFC)

Figure 4 - International standards oriented to interoperability improvement. (BibLus-net, 2017)
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1.2. MEP engineering

The MEP acronym stands for mechanical, electrical and plumbing engineering. MEP
engineers are responsible for making buildings interiors suitable for people.

These engineers must deal with different challenges like spatial coordination, effective
functioning of parts in a system or installation, testing and maintenance procedure
(DesigningBuildings, 2018).

Mechanical systems include generally all systems related to Heating, Ventilation and
Air Conditioning (HVAC) systems. Nevertheless, some other systems can also be included like
lifts, escalators, or other transporting system. Their objective is to maintain a good quality on
air, regulating temperature and humidity. Mechanical systems must avoid being oversized
since this brings negative consequences like temperature fluctuation, fast degradation and
poor humidity control (Tobias, 2018).

Not only power supply but also other systems conform the electrical system. Among
them it can be mentioned telecommunications, control, security, detection and lightning
systems.

Plumbing systems are associated with fluid movement. They can be used for many
different purposes, like water supply, recovery and treatment systems, water drainage, waste
removal, among others.

MEP engineers help in the design stage by providing information about the spaces to
be occupied by the equipment, since location conflicts are very common. The use of BIM is
strongly recommended during these phases since a good collaboration with the other teams
will result in time reducing and consequently efficiency improvement. Another added value for
MEP design is the use of models for energy, lightning or mechanical analysis, which allows to
optimize the system design by the use of specialized software, using the less resources
possible.

MEP models may also be useful for operational phases, being conserved as reference
for maintenance activities.

Figure 5 — Example of MEP model in Revit (Cadeosys Training).
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1.3. Reference standards

British Standards

The British standard PAS 1992 is one of the most famous standards related to BIM
methodology around the world. This code of practice was released by the British Standard
Institution (BSI) and sponsored by the Centre for the Protection of National Infrastructure
(CPNI). It was the first to introduce the BIM Level of maturity concept. On this standard, a very
popular diagram for BIM users is introduced, the well-known “wedge diagram”.

From April 2016, the UK Government requires fully collaborative 3D BIM for all
centrally-procured public projects, representing a minimum of level 2 BIM. Since 2019 this
standard was the one that expressed the procedure required for getting to that level.
Henceforth, the international standard replaces it within the PAS 1192.

Level 3

Level 1 Level 2

Level 0

IFD
IFC

2D

CPIC

Avanti
CAD BS 1192:2007
User Guides CPIC Avanti, BSI

Life cycle asset management

IDM
ISO BIM

@ 2008/13 Bew - Richards

Drawings, lines, arcs, text, etc. Models, objects, collaboration, integrated, interoperable data

Figure 6 - PAS 1192-2:2013 BIM maturity model.

BS 1992 is the British standard that offers an important guide for professionals
involved in the information construction process during the design, construction, operation
and decommissioning of the projects (DesigningBuildigs.co.uk). It covers different topics like
the naming conventions of files and layers or the information management through a Common
Data Environment.

Italian Standards

Regarding to the Italian context, on 1/12/2017 the Infrastructure and Transport
Ministry (Ministero delle infrastrutture e del transporto) published Decree number 560, known
as “BIM Decree”, which defines the methods and timing for the progressive introduction by
contracting authorities, granting administrators and economic operators of the mandatory
methods and specific electronic tools, such as those for building and infrastructure modelling
during all the works lifecycle.

Furthermore, the Italian Organization for Standardization (UNI) in the last years
created a standard based on the last-named decree, divided into 10 parts, that is still in
progress. Since July 2019 the parts published are the 1, 4, 5, 6 and 7. Satisfy the need to define
a reference regulatory framework that favors the spread of digitized collaborative work
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environments, where product and process information is generated, managed and shared,
according to procedures and reference standards, with the aim of improving communication,
product quality, production sustainability and user satisfaction.

It must be also remarked that the discipline code that rules the relationship between
contracting authorities and contractors in the case study of this thesis is the legislative decree
N° 50, also called “Codice d’appalto”. This code corresponds to all concession from public
authorities for more than one million euros, as well as contracts for building works related to
hospitals, sport or recreational centres, educational buildings and buildings oriented to the
public administration functions. Other works are also included, but in general it refers to all
public works. The last version of this code was released on 16/4/2016, until July 2019.

International Standards

ISO 19650 is the international standard regarding information management. Its edition
is still in progress, but there have been already published the first two parts on the first
qguarter of 2019. The standard encompasses the whole life cycle of a built asset, from its
creation to its demolition or replacement. It contains all the principles and high-level
requirements for getting a BIM Level 2 of maturity.

Its publication replaces the British Standards BS 1192:2007 + A2:2016 and PAS 1192-
2:2013. It was created in order to have an internationally accepted approach for information
management. The objective is to increase the value to be derived on international projects or
projects that involve teams from several nations.

The standard represents the information management as a sequence of maturity
stages, from 1 to 3. It has some differences respect the wedge diagram- One of them is the
absence of the Level 0 BIM, and the inclusion of a business layer.

BIM Stage 1

It includes all projects where users generate mono-discipline models and where no
significant model-based interchanges take place. The data exchange is uni-directional. If the
models are not exchanged between project participants the practice implemented is known as
“Lonely BIM”, term adopted as the opposite of “Social BIM”. The conventions may accept
national standards but does not respect international standards about information
management.

BIM Stage 2

Participants collaborate actively by introducing its disciplinary models into a federated
multi-discipline model. The federated model does not lose its identity or integrity. The model
exchange is two-way. Information about construction sequencing and costs may be included.
Stage 2 maturity is also identified as “BIM according to the ISO 19650 series”.

BIM Stage 3

Full-integrated models are created, shared and maintained collaboratively across all
the project lifecycle. This can be done thanks to the use of model server technologies in which
models are combined no matter what software BIM tool was used for modelling it. The result
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is an integrated model that merges all individual integrated models’ properties into a single
database. In this stage, most of the project team is collaborating across all the project lifecycle.
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Figure 7 - 1ISO 19650 stages of maturity of analogue and digital information management.
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1.4. Common Data Environment (CDE)

The British Standard BS 1192-2007 considers that a Common Data Environment (from
now on CDE) approach should be adopted in order to allow information to be shared between
all members of the project team. A CDE is basically an online place for collecting, managing
and sharing information among a team working on a project. It also appears in the Italian
standard UNI 11337-1 but with its acronym in Italian is ACDat. It is defined as “an environment
of organized collection and sharing of data related to models and digital documents, referring
to a single work or to a single complex of works”.

The international standard I1SO 19650 declares that each information container should
be in one of three states: Work in progress (WIP), shared or published. The CDE is the place
where information changes from one status to another. Firstly, WIP information changes into
shared status when the task team manager approves the information, checking that the model
is suitable and follows the standards. The following status change from shared to published is
made by the employer, who authorizes all the information that follows the client’s
requirements. The standard recommends the existence of an archive state where all the
information container transactions are shown. The archive is also used for future reference
and use.

The use of a Common Data Environment facilitates collaboration between team
members and helps to avoid duplications and mistakes. Studies have determined that
coordination inefficiency increment costs between 20 and 25% (Mills, 2015). For this reason,
the use of CDE is becoming increasingly popular.
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ISO 19650 standard makes a distinction between information management and
information production and delivery. They are part of two different phases, that are
distinguished as delivery phase and an operational phase. It is recommended to just transfer
relevant information between these phases.

Project Information Model (PIM)

PIM is the information model developed during the design and construction phase of a
project. The model must follow the Employer’s Information Requirements. The project
manager is responsible for developing the Master Information Delivery Plan (MIDP) and
through this plan rule the way PIM will be developed. The MIDP indicates when, how and by
whom the project information will be prepared, dividing the whole project information into
tasks that will define the different teams and responsibilities. PIM will set the basis for the
Asset Information Model.

Asset Information Model (AIM)

AIM is a term used to describe the model that contains all the necessary information
for asset management. This model is managed within a CDE, and it can suffer many changes
during the operational phase, due to maintenance work, repairs, replacements, performance
evaluations, among others. In order to operate these models efficiently, some requirements
must be settled up by implementing an asset management strategy.
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Figure 9 - ISO 19650, types of models and requirements.
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1.5. BIM Dimensions

Three dimensions are generally enough for geometric purposes; however, BIM
methodology allows designers to introduce new descriptive modalities that represent non-
geometrical information.

3D BIM consists on modelling objects, either with graphical and no graphical
information, and sharing this information in a Common Data Environment. A 3D model must
meet standards requirements (also known as code checking) and it must not present
geometric conflicts (analysis known as clash detection). These two activities take part in the
“model checking” activity.

4D BIM includes the fourth dimension, consisting in the “time” element. The
information is included in the scheduling data form. The new parameter added to the objects
allows the development of more sophisticated activities, like a sequential visualization of the
construction, the clash detection on time, warnings about potential threats.

5D BIM adds a new element to a project: the cost. This introduction allows to estimate
the overall costing associated with it, giving the possibility of doing feasibility studies or making
decisions according to the study of money outcomes and incomes.

6D BIM gives modellers the possibility of introducing sustainability and energy analysis
into their model.

Finally, a 7D BIM model allows to manage the life-cycle of a project and its services. It
gives logistic control of the building maintenance, optimizing processes like inspections, repairs
or replacements.

Figure 10 - BIM Dimensions (BibLus-Net, 2018).
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1.6. Study Case

As introduced in the abstract of this thesis, the following chapters will cover some
fundamental concepts about BIM methodology applied to a study case of an infrastructure
located in the seashore of Trieste, the capital of the Italian region known as Friuli-Venezia
Giulia. The infrastructure was projected in the zone limited by the terminal multipurpose
known as “Scalo Legnami”, on the North, and the steel plant “Ferriera di Servola”, on the
South.

Since the place was mentioned as a polluted place of national concern, in 2003, the
seaport authorities have been looking for a solution for the environmental problems. It was
not until 2004 that the “Comitato Interministeriale per la Programmazione Economica” (CIPE)
approved the project called “Piattaforma Logistica Trieste” (PLT). The whole intervention was
divided into two parts, while the case study represents the first one.

Figure 11 - Site presentation of the study case (General Report).

The following activities were done in this first intervention:
- Ground remediation of the seabed.
- Deviation and canalisation of an existing torrent called “Baiamonti”.

- Construction of an impermeable nearshore confined disposal, consisting on
diaphragms made with CSM technique in the ground surroundings and groups of king
piles forming a row in the sea adjacency connected to existing waterproofed caissons.

- Groundwater remediation, by collecting it with a draining trench, all around the
confinent disposal area and then being carried by pipes to a treatment facility, located
in the southern area.

- Platform with a Roll on-Roll off terminal where trains and vehicles will surpass.

- Ground regulation to quote +2.5 above sea level followed by concrete paving.
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The company was looking for someone to model the equipment, since the rest of the
models were being developed by other professionals from the company.

The reports mention some typical systems, like rainwater drainage and treatment,
where water is captured from drains placed at 20 meters one from each other. Water
collected from the platform is firstly derived from PVC pipes to a water channel placed under
and around the platform, while water collected from the terrain is collected through concrete
pipes. Both concrete pipes and water channel finish in one of the two treatment plants. These
plants are placed under the terrain level. The total basin was divided in two: South and North,
each plant is responsible for treating the water of its correspondent basin.
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Figure 12 - Sanitary systems schema, on top, water supply on bottom.

The cold domestic water and firefighting systems have the typical building schema:
water is provided from the street connection, and after passing the flow meter, the systems
are divided. From that division, water is conducted through HDPE pipes to the different
terminals: water tanks for the domestic water, and fire hydrants for fire suppression. Pressure
provided is enough to dispense with pumping systems.

One of the piping systems is bound to the beach nourishment. This activity consists on
putting all the material derived from the technical dredging into the confined disposal. The
idea is to fill this volume with sediments until quote +0.50. This system is designed for
dredging 2500 cubic meters of material per day. The material arrives to the platform
surroundings by boat, so mechanical equipment provided with buckets relocate the material
from boats to the disposal through an opening in the platform. This opening drives to a pit
where a dredging pump is placed. This pump is responsible for divide the total of dredged
sediments into 40m x 40m zones under the platform, by flowing them through HDPE pipes. If
pipes are installed along East-West direction, they are called “transfer pipes”, else “deriving
pipes”. A micro-impulse monitoring system that is constantly measuring the top of the
sediment layer allows to distribute uniformly the sediments.

Another piping system has the function of collecting 300 cm/day of contaminated
groundwater though draining trenches placed around the platform outside the impermeable
confined disposal. It must avoid contact between groundwater and sea water. Once water is
caught and stocked into pumping rooms, centrifuge pumps provide enough pressure to ensure
that water arrives to a groundwater treatment plant placed in the South border terrain. This
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groundwater treatment plant is responsible for separating mud from the water through
sedimentation and filtering processes. The mud is then treated by pressure filtering and
stocked. The stocked mud must then be derived to a special deposit for contaminated
material. The water, on the contrary, after the treatment process and consequent quality
verification is thrown back to the sea.

Another piping system is necessary for treating the water retained into the confined
disposal. 2500 centimetres of dredging material per day thrown into the disposal results on an
increment of the sea level. For this reason, it is planned to construct a tank inside the
disposal’s perimeter whose function is to maintain the desired level. The tank is provided with
an adjustable dump that allows the entry of the excessive water. It is possible to set the quote
of entry from +0,50 to -0,50 meters above sea level. Inside this tank a centrifugal pump is
hosted. This pump is responsible for driving the water in the tank to a specific treatment plant,
placed next to the groundwater treatment plant. The decision of having both treatment plants
together responds to the fact that when the confined disposal is almost filled with sediments
(at least 80%), the water collected in the disposal will contain an important amount of colloidal
sediments. Due to this, a deviation to the physical and chemical treatment device on the
groundwater treatment plant is made. As can be seen, the objective of this system is not only
to adjust the water level but also to improve water quality before throwing it back to the sea.

The last equipment the author decided to model consists on the air treatment system.
The objective of this system is to avoid odour issues. The air volume inside the between the
platform ceiling and the disposal is approximately 130,000 cubic meters. An air treatment
system with a potential of 10,000 cm/hour is planned, so that two full changes of air inside this
space are done each day. The air treatment system consists on an electrical aspirator that
takes air and makes it flow through circular ducts until is exhaled into a biofilter, which is the
responsible for removing smells by making air flow through its cortex beds.
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Figure 13 - Water treatment, beach nourishment and air treatment schemas.

Last thing to highlight is that the last-named list of MEP system is not exhaustive.
Reports include some other systems such as a heating system for making treatment possible
during winter seasons. The author had to limit the modelled equipment because of time
issues. Choosing these systems over others is based on their relevance on the 3D coordination
activity. As they are still in the design phase, the author’s interest was to be aware about
possible clashes not only between models of the same discipline but also between models
belonging to different disciplines.
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2. Information Production

The information production process in a BIM-based project consists in the creation of
the Building Information Model. As it was mentioned in the introduction of this thesis, the task
assigned to the author was to create the MEP model.

The information production process is generally ruled by a BIM Execution Plan (BEP).
The BIM Execution Plan is the response from to contractor company to the contracting one.
Inside this document, all the Employer’s Information Requirements (EIR) are present. It
describes the project objectives as well as the parts involved in the modelling process. It also
helps the modeller to realize which information needs to be included. For this reason, the
Level of Development must be specified so it guides the modeller at the point where
expectation is met.

For doing this thesis, no requirements from ICOP company were provided,
consequently, neither a BEP was created. This gave the author a great flexibility in the analysis
of the best approach to adopt towards standardization process, for example, in file naming
and parameters definition. However, the lack of convention on naming and parameters, create
problems when models need to be used for the same purpose.

In order to clarify the information flow during the production process, a diagram
where information produced by ICOP company is shown in red while the one produced by the
author in blue is presented below.
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Figure 14 - Information production process.

| 23



Case Study: Piattaforma Logistica di Trieste

2.1 First steps

Once it was known that MEP modelling was required, the research for the optimal BIM
software to do the task began. This software should be able to model piping and mechanical
elements, creating new families and assigning new parameters to them. Other benefits like
low PC requirements were considered, since the computing power available to work at home
was a limiting factor. The decision was based on the good performance developed through
time, the following of openBIM initiative and the student free license availability.

Autodesk Revit

Revit software is specifically built for Building Information Modelling

(BIM), empowering design and construction professionals to bring ideas from

concept to construction with a coordinated and consistent model-based

approach. It includes the functionality of all of the Revit disciplines
(architecture, MEP, and structure) in one unified interface.

Autodesk Revit not only satisfies all the previously named requirements, but also has
the advantage of being very popular, so it is easy to find video tutorials, guides and forums on
whichever language is desired.

Some recommendations for creating the model were taken from the AEC BIM Protocol
for Autodesk Revit. This is a unified standard for the AEC industry that also includes a checklist
that helps the modeller make sure that the work was done as required in the standard.

Templates

Before starting a new project, the Revit modeller asks for a project template file to be
opened. The project template represents the starting point of the new project model. It
includes view settings, load families and defined settings. They are saved in an RTE extension
file. When IFC links were loaded they displayed in halftone mode, as it was preconfigured in
the view of the Plumbing Template.

For the purpose of this thesis, the default Revit Plumbing or Mechanical template was
employed. The author then realized that this was not a good idea, since the advantage of
having to set once the file was missed. Luckily, forgetting to set up the templates is not a point
of no-return. “Transfer Project Standards” in Manage ribbon allows the user to copy the
desired settings from other files whenever it is required. Nevertheless, it must be remarked
that working this way is time consuming, while working with well-planned templates would
have save precious time.

Levels

Default Revit Templates contain 2 levels, named “Level 1” and Level 2”. The platform is
horizontally developed, so there is no need to create more levels. It was decided to rename

the existent levels to “1 — Sea Level” and “2 — Platform Level”. Almost every element was
referred then to Platform Level, since this was the most representative floor level, maintaining

sea level was only a way or keeping a reference item.
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Figure 15 - Created Revit Levels

Work-sharing and collaboration

Work-sharing is defined as a design method that allows multiple team members to
work on the same project model at the same time (Autodesk, 2019). More and more
frequently AEC industry companies adopt work-sharing as a fundamental policy. This occurs
due to the advantages that carries on the collaboration between the different design teams.

There are three kinds of collaboration for Revit 2019:

- Links: They present an important advantage respect the importing tool: while making
an import inserts a file which will remain the same as when it was imported, a linked file is
updated automatically each time the host file is opened, or by updating it in the “manage
links” option.

- Monitor/copy: This tool is designed for use on a project that involves multiple teams,
for example architectural, structural and MEP. It is necessary that all the teams work with Revit
software. The Copy/Monitor tool is useful for changing elements like levels, grids, columns,
walls, floors, opening and MEP fixtures. By clicking on this option, the model automatically
updates these elements if another team changed them before.

- Worksets: Another possibility Revit gives to the user for work-sharing activity is to
work in different worksets, called Local Models, each one part of a bigger file called Central
Model. Rules about how to proceed in this collaboration modality are not trivial, if they are not
followed model can become useless. It is very important to create a folder where all the
Central and Local Models will be hold. The path to the Central Model as well as the file name
must remain the same. Teams must work on Local Models, nobody should work in the Central
File. The progress made in a Local Model is not updated automatically in the central model, in
the contrary, it is necessary to update changes from time to time. Updating the model allows
the other team members to work in real time. To work in this way has a serious disadvantage:
as long as the local models become more and more complex the Central Model tends to
become heavier, sometimes making impossible for the computer to see all worksets at the
same time.

As the other team members were working in a different software (Tekla), | could not
obtain the benefits of working with anyone of the two last collaboration tools. The only
possible option was to link the IFC files to my model and each time updating was required,
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new IFC files should be downloaded and saved in the same path and with the same name of
the linked file.

A guide made by BuildingSmart® recommends working in different files for each
different system, the reason was that it has demonstrated to be the most functional during
design and interdisciplinary activities, making changes uploading simpler. So, the entire MEP
model has been divided into nine different files, representing the eight different systems
modelled. The extra file was created to follow the AEC protocol recommendation of not having
files which sizes overcome 200 megabytes.

The RVT extension stands for design projects created in Revit, and it is only openable
with the same software, otherwise in AutoCAD which is also made by Autodesk.

The author was the only modeller in a one-person team, so no collaboration in real
time was needed. Thus, the decision of linking the different models where made, so to have a
guide for the available space for each system.

Linking CAD files

The first step consists on loading the IFC and CAD links. This is found on Revit insert
tab.

Architecture  Structure  Steel  Systerns =g Anncotate

BE®L DY @b@[ﬁi

Link Link Link DWFE  Decal Pn:nlnt Coordination Manage
Revit |FC CAD Markup M Cloud Madel Links

Link

Figure 16 - Revit linking possibilities

The receipted CAD files have been positioned referring to a certain coordinate system.
Nevertheless, Revit 2019 has problems with working on huge spaces (more than 33 kilometres)
so the correct way to work is with relative coordinates. Because of this the designer was asked
to provide the grid employed in Tekla so the author could work with the same coordinate
system. The CAD files had to be modified in order to move the design to the (0,0) position of
the grid. Then, the linking was done by choosing the automatic: origin to origin option.

Geometry
Position X 2424407.80

Position ¥ 5053656.20
Position £ 0.00

Figure 17 - Original position of CAD's origin.

If for any reason the absolute coordinate system needs to be used, it is always possible
to assign coordinates to a specific point in Revit and to introduce an angle between the north
of both systems by clicking in “Coordinates” inside the Manage ribbon.
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B Report Shared Coordinates

Figure 18 - Coordinates options.

The AEC BIM Protocol for Revit recommends the use of the original coordinates, by
publishing and acquiring the coordinates from other projects. However, this option was not
used since models in the Common Data Environment were not positioned with absolute
coordinates.

Linking IFC Files

The linking of IFC files also helped to verify the coordinate system, since the grid was
loaded together with it. The problem on linking the IFC files was that they were so heavy that
made linking impossible for Revit. For this reason, only a few models could be linked at the
same time. The most important one in term of clash prevention was the perimeter cord.
However, in some cases it was necessary to unload and upload other models like the
Baiamonti deviation or the rainwater treatment plant for guiding the modeller.

The reason why these models were so huge is the level of development achieved. This
is due to the need to obtain detailed structural plans. Another objective of these models might

be the calculation of material needed, since every single element has been modelled.

Figure 19 - IFC files: Alveolar panels, supports, Baiamonti deviation, perimetral cord, piles and beams, respectively.
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2.2. Naming Conventions

It is very important to clarify some rules about how the information is managed, so
productivity of project teams and profitability of the organization increase. Companies are
progressively spending resources in training new personnel just to solve problems related to
data production. The author has taken some recommendations from the UK standard BS 1192
about how information should be managed. Some other material has been consulted such as
Revit MEPContent Style Guide or AEC BIM Protocol for Autodesk Revit.

Folder and Files Naming

Regarding to file naming convention, the BS 1992 standard was consulted. However,
the standard is too generic, so the author decided to introduce some changes. The name
structure resulted as follows:

<Project>_<Discipline>_<Type>

| FELD | Content |  Altematives | Code |

Project 3 capital letters Trieste’s Logistic Platform PLT
Architectural ARC

Structural STR

Discipline 3 Capital letters Equipment IMP
Project Management PRM
Facility Management PMG

2D Drawing CAD

Coordination Coo

Databases DAB

Documents DOC

File Type 3 characters IFC Models IFC
Revit Models RVT

Revit Families RFA

Project Schedule SCH

Tables XLS

Figure 20 - Folder Naming Convention

The files containing loadable families were saved all together in a folder created
thinking on the possibility of being needed in the future. The folder has the relative patch
“:/PLT/PLT_IMP/PLT_IMP_RFA”. As so many files from different formats have been placed into
this folder, the creation of a rule for naming them was considerably suggested. Therefore, the
author decided to follow a naming convention, basically:

IMP-<Subdiscipline>-<File_Description>-<Manufacturer>

It must be said that when element modelling was started, the term <Manufacturer>
was omitted since this information was still not loaded. When the family’s LOD incremented
and some specific details about cost or manufacturer were included, this term was added as
well.

The term <Subdiscipline> adopt one of the following values:

28|



Application of standards in the MEP modelling and data management throughout BIM methodology.

Firefighting A
Rainwater draining B
Disposal water treatment C
Beach Nourishment D
Groundwater treatment F
Domestic water I
Sewerage N

Air Treatment \

Figure 21 - File naming subdiscipline convention

For files containing models, the same convention has been made, with the obvious
change that no manufacturer is included.

IMP-<Subdiscipline>-<File_Description>

“— v P » Questo PC » Documenti > PLT » PLT_IMP > PLT_IMP_RVT
v PLT ~ Nome . Ultima modifica Tipo Dimensione
v 1 PITARC IMP-A-ANTINCENDIO.rvt 02/07/2019 10:08  Autodesk Revit Pr... 10.508 KB
PLT_ARC_CAD IMP-B-FOGNA BIANCA IMPALCATO.rvt 02/07/201910:08  Autodesk Revit Pr... 13.848 KB
PLT_ARCIFC IMP-B-FOGNA BIANCA INTERRATA.rvt 02/07/2019 10:08 Autodesk Revit Pr... 14.880 KB
PLT_ARC_RVT IMP-C-TRATTAMENTO ACQUA COLMATA...  02/07/2019 10:08  Autodesk Revit Pr.. 10.460 KB
~ | PLTFMG IMP-D-DISTRIBUTORE FANGHLrvt 02/07/2019 10:08  Autodesk Revit Pr... 25.480 KB
PLT_FMG_DBA IMP-F-TRATTAMENTO FALDA.rvt 02/07/2019 10:08  Autodesk Revit Pr... 10.120 KB
T [E 5T IMP-I-IDRICO.rvt 02/07/2019 10:09  Autodesk Revit Pr.. 8.340 KB
DT FMG XS IMP-N-FOGNA NERA.rvt 02/07/201910:09  Autodesk Revit Pr... 9756 KB
-7 IMP-V-TRATTAMENTO ARIA.rvt 02/07/201910:09  Autodesk Revit Pr... 10.076 KB
e PLTIMP \j PLT_IMP_SharedParameters.txt 02/07/2019 10:09 Documento di testo 2 KB
PLT_IMP_CAD
PLT_IMP_COO
PLT_IMP_DBA
PLT_IMP_IFC
PLT_IMP_RFA
PLT_IMP_RVT
PLT_IMP_XLS
~ | PLT_PMG
PLT_PMG_M4D
PLT_PMG_SCH
~ | PLTSTR
PLT_STR_IFC

Figure 22 - Files and folders.

Objects Coding

Revit assigns a unique code to each entity modelled, nevertheless, this code is
randomly selected. The same happens when the modelled is exported to IFC. In the MVD 2x3
Coordination view 2.3 there is something called “IfcRoot”, which assigns a unique ID to every
IFC entity once they are created. A random code has no use for the author’s purpose, who
wants to have every object named so it can be easily identified for asset management
purposes. Consequently, a rule of codification has been created, with the structure shown in
the following picture:
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Figure 23 - Element's coding structure.

Levell 0 Level| 1 Level| 2 Level] 3 level| 4
Project Discipline Area Section Function
Piattaforma Logistica Trieste | PLT Structural s- Platform IM Slab number | 01-54 Initial 00-09
Architectural A- Terrain - north | TN Subdivision | 00-12 Intermediate | 10-89
Eguipment I- south | TS Subdivision | 00-12 Terminal 90-99
domestic cold water 1] Slope  north | SN Subdivision | 01-24
firefighting 1A south | S§ Subdivision | 01-24
rainwater 1B Treatment T Subdivision | 01-42
sewerage IN Offices UF Subdivision | 00-22
groundwater treatment IF Ro-Ra sector RR Subdivision | 00-22
dredging ID
reservoir treatment IC
air treatment v

The way to assign this code to each singular element was to create a shared project

parameter. This shared parameter was added to the shared parameter TXT file as a “text”

parameter type and named as “Code”. The parameter was loaded to all the models and filled
with a CAD file created for this purpose. Filling up the Code parameter consisted on, firstly,
selecting all the elements on each section of each area and assigning the code until level 3.
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The last level was assigned according to their function in a spreadsheet on Microsoft
Excel, avoiding the use of the same code for two different objects. Then, a 6 letters additional
level was added to represent the Revit family the object belongs to. This last decision was
taken for an easier understanding of the element function.

The most difficult challenge the author had to confront was how to fill the last levels
on each element. Modifying thousands of elements one by one was unthinkable since that
would have taken too much time, so the idea of filling them by using Revit schedules tool came
up. However, Revit schedules do not allow to easily fill cells by dragging click or using formulas
between different rows. In addition, the Microsoft Excel export does not come in the
predefined Revit software. Fortunately, when searching on the internet, a plug-in for Revit
called Import/Export excel made by BIM ONE came up and made that task possible.

View Naming

It may look trivial, but it is not. Having a view naming convention is very useful when
working in large projects with an important number of views. The author made his own
convention based on some suggestions from standards, but he customized it in order to adapt
it to his specific requirements.

To do this, a new group of shared parameters was created, one for each level required.
These parameters were then imported into the project as project instance parameters, and the
order of being applied just for views, schedules and tables was given. This way, the new
parameters would not affect other Revit Entities.

Proprieta dello schema di organizzazione del Browser X | Project Browser - IMP-B-FOGMNA EIANCA...
Filtri Ordinamento e raggruppamento = I.GJ Views “:lLT.:'
= PLT
Organizzazione Browser di progetto: Diego
Specificare le regole di ordinamento e raggruppamento per I'organizzazione = F'LT_3D
Browser di progetto corrente. S PLT 3D XX
Raggruppa per: Project = PLT CP
Usa: (@) Tutti i caratteri < | (O caratteri iniziali 4 PLT_CP_¥X
= PLT_EL
Quindi per: Tipo Vista _pLT £l Ex
¥
Usa: (@) Tutti i caratteri = | O caratteri iniziali - -
= PLT_FP
Quindi per: Subtipo Vista + PIT FP %%
Usa: @ Tutti | caratteri 2 | () caratteri iniziali 5. PLT_SE
Quindi per: <MNessuno> + F'LT_SE_HZ
Usa: Tutti i caratteri = Caratteri iniziali i PLT—SE—GT
- PLT_SE_PP
indi : <Nessuno>
aumdeer 5. PLT_SE_VT
Usa: Tutti | caratteri = Caratteri iniziali & PLT SP
Quindi per: <Nessuno= F-- PLT_SP_XX
Usa: Tutti i caratteri = Caratteri iniziali LEEIEV'I':'S
-5 Schedules/Quantities (PLT)
Ordina per: Nome vista = PLT
(@ Ascendente (O biscendente + F'LT_MC-
+-- PLT_PF
Annula : i PLT_PP

Figure 25 - Revit, view naming convention.
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The next step was to set up the browser, creating a new user configuration, one for
views and the other for the schedules. This new configuration allows to select a standard for
ordering and grouping the views and schedule list. The results are shown in the picture below.

Pipe systems

Pipe systems are logical entities that facilitate calculations for flow and sizing of
equipment. They have a hierarchical decomposition that consists on: Classification, type and
name. Classification is completely hard-coded into the system, there is a fixed number of
them. The ones used in this thesis where: Sanitary, Domestic Cold Water, Fire Protection Wet
and Other.

Piping systems types are shown in the browser within all the different categories. It
was decided to use the default piping system types whenever possible. However, default
system types were not enough for representing all the systems required in the project.
Because of this, new types were created, by duplicating the existing ones. The duplicated type
obtains the same classification of the original one, so for mapping it to the correct class, the
duplication must be done from the correct system type. System types work the same way
family types do. They have their own type properties than can be changed from the properties
panel, such as graphics, materials or identity data.

=) Piping Systems
= Piping System
Beach Mourishment

Disposal Water Treatment
Domestic Cold Water
Domestic Hot Water

Fire Protection Dry

Domestic Cold Water
Fire Protection Wet

Sanitary - Rainwater

Fire Protection Cther Sanitary - Sewerage
Fire Protection Pre-Action Beach Nourishment
Fire Protection Wet Disposal water treatment
Groundwater Treatment

Groundwater treatment

Hydronic Return :
Air Treatment

Hydronic Supply
Mud Treatment Sea Dump
Other Mud Treatment

Sanitary - Rainwater Drainage

Sanitary - Sewerage
Sea Dump
Vent

Figure 26 - Piping systems types naming and colour convention.

There can be different piping systems according to each piping system type into the
project. This piping systems consists on the group of different element categories: terminal
components, break-into components and pipe/ducts component. Equipment can be previously
assigned to a piping system, and once all equipment has assigned a piping system, it is possible
to generate automatically the system layout using the Generate Layout tool, into the Modify
ribbon that appears when the equipment is selected.

To see at all modelled systems on the project, it is necessary to go to the View tab and
click on the User Interface option. From there it is possible to select what windows are shown
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in Revit interface. Among all the possibilities, there is one called System Browser, which is
usually turned off. Once it is turned on a list of all systems present in the project is displayed.
From there it is possible to change each system name. By default, Revit assign to each system a
name consisting on the system type and a number automatically generated. The author
decided to be as consistent as possible with the information provided in the planimetries so,
for example, in the rainwater drainage system the following convention was employed:

Discipline 1 Letter Sanitary S
01
. F Eastt
Progressive 1 2 Numbers rom Eastto
West
13
Left B
Basin 1 Letter
Right F
Unique 00
Progressive 2 2 Numbers Principal 01
Secondary 02
Figure 27 - Rainwater piping system naming configuration.
-7 SUUFS Mot...
@ IR, S5-I P I ?ﬂ -8 S0180 Mot
-0 S0181 Mot...
D...[]}f] S01F0 Mat...

-7 S02B0 Mot...

-7 S02B1 Mat...
D...[]::f] SO2F0 Mat...

7 S0380 Not...

[
-7 S03B1 Mat...
-0 S03F0 Mot...
LIMIES, 52-F 1PV DM 395 o 03T Nt
@ K!j -7 S04B0 Mat...

— dB mmam

Figure 28 - Revit System Browser.
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2.3. Object Creation

Once links are loaded, the next step is to start modelling. The right way for modelling
MEP equipment is to first locate the terminal families in the right place. Then, pipes or duct
layout is created. In the next paragraphs the methodology employed for creating the Revit
models is explained.

Firstly, it is important to introduce some new concepts. Every object created on Revit
is technically called “instance”. Each instance corresponds to a hierarchical classification inside
Revit that consists on: Categories, Families and Types.

Categories represent the most general classification. Some examples of category are
Pipe, Pipe Fitting, or Mechanical Equipment. Depending on the category, a property set for
each instance will be provided.

Families are the following subdivision in the string. Inside Revit there are three types
of families:

e System Families: They are always available in any project, it is impossible neither to
remove them nor to load an own version. This is the case of pipes or air ducts in the
PLT project.

e In-place Families: Created in the Revit project directly, they cannot be saved as a
separate file and they cannot have different types. For this project few families have
been created this way, for example the overflow tank that collects the water from the
confined disposal. It has been decided to make it this way as long as it would not be
used more than once, neither in another project.

e Loadable Families: These are the most common ones. They can be found on the Revit
libraries, on the internet or be designed from scratch at the Family Editor. They are
saved with RFA extension as separated files, and they can be also loaded in other
projects.

Families have their own “Family parameters”, which depends on the category they are
part of. Some of them, nevertheless, are common to every category like “always vertical”,
“shared” or “Identify Data parameters”. Omniclass Number and Title are also included.

Subdividing families into types is very useful when standardized objects with different
dimension or properties are needed. What makes the difference between family types are the
“type parameters”, while at the same time, every type shares the same standard parameters
of the family, such as Material, Model, Manufacturer and so on. This was, for example, the
case of the different pipe supports: There was not only a single type of support, the type
depended on the distance between the platform ceiling and the pipe, because different
lengths were required. In the CAD used as reference, the different types were identified with
different colours, as it can be seen in the following picture:
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=) Pipe Accessories
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Figure 29 - Types of pipe supports created.

Lastly, instances represent the single object placed in the project. They adopt the
property set of the category they correspond to, as well as the family and type properties, but
that is not all: They can also have instance project parameters. These parameters can be
completed into the property panel, when a certain instance is selected.

FAMILY

=1

TYPE ‘ TYPE

a5 -

I—|—| I—I—l
o o d o o o
INSTANCES INSTANCES

Figure 30 - Hierarchical structure of Revit objects (CADdetails, 2018).

2.3.1. Family Editor

The family editor is a tool inside Revit which has an easy access by double-clicking in a
loadable family or by left clicking and selecting the “edit” option. If it is desired to start
sketching a new loadable family, the way to do it is by clicking on file>new>family.

When a new family is created from scratch, similarly to new projects case, a window
asking for the starting template is asked. There are many templates according to the host (e.g.
wall, floor, face) and family category. As using hosted families is not recommended, most of
the families were created starting from the generic template. However, it must be said that
selecting the template is a point of no return: if it is desired to model a face-based family, it
must be picked the face-based template. Else, the family would require to be modelled again.

The next step is to pick the category to which the family will take part. Failing in this
step is not a problem since it is always possible to change it.

When starting to create the family, the modeller should pay attention to some
standards and recommendations for the type desired. They are not strict rules but the result of
years of experience of specialist modellers. Some of them are written below:
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e Avoid using Speciality equipment Category.
e Use Lookup tables rather than creating separate families.
e File size: No more than 400KB for single objects and 800KB for more complex ones.

They have been taken from the Revit Model Content Style Guide from Autodesk and
the European MEPcontent Standard.

Altimetric position

The rest of the information about MEP equipment received consisted on a CAD section
of the platform, information taken from the general and evaluation report and the answers to
some questions made by phone call to the company’s designer, such as:

® Pipes underground must have a covering at least equal to 1 meter from the top of the
pipe itself.

e The pavement levels were not indicated on CAD drawings, so the author had to create
a longitudinal slope of 1% that connects the space near the platform with the East
boundaries in order to meet train tracks design requirements.

® The pipe routing of some systems was not included on CAD drawings, so they were
deduced from some designs in the hydraulic systems calculation reports.

While the position of equipment under the platform was already decided, the
underground equipment layout was still in design phase. For this reason, a higher level of
development was applied to the first one. High level of development models of something that
is still in design phase is worthless. In fact, the author made some changes in the layout
respect from those received, so it may occur that many modelled elements position differs
from the real position.

The following QR code is linked to a video that shows a walkthrough created around
the perimetral cord, and finishes up to the platform, in the treatment sector:

Figure 31 - QR code of Revit model Walkthrough.
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2.3.2.LOD tables

A list of some of the families created during the modelling of the MEP equipment is
shown in appendix 1. It must be mentioned that it is not an exhaustive list, and the criteria for
choosing what element to show was based on their development. Level of development is a
concept that was born in order to measure the amount of information inside a model.

The first time the expression “Level of Development” as meaning of the acronym LOD
came out was in an AlA publication (American Institute of Architects). Its definition represents
the usability and limitations of the model under consideration. The AIA organization created a
specification with the objective of improving the quality of communication between
professionals that work with Building Information Modelling. This new concept made easier to
explain which the parts requirements were.

The specification introduces a LOD scale, where each level is identified with a three-
digit number. These levels are illustrated in the following picture:.

LOD 400 LOD 500

Figure 32 - Levels of Development in a piping project (Hyderabad, 2018).

The specification also mentions the difference between Level of Development and
Level of Detail concepts. While the first one can be thought of as the reliable output of the
model, the Level of Detail can be thought of as an input to the element. It refers to how much
graphical information has been attached to the model’s elements.

A model does not have an only LOD, on the contrary, it will have many elements
modelled at different levels of development. There is a direct relationship between the project
phase and the level of development: in the first steps, just some schematic information will be
enough, then as the project becomes more mature, the level of development also improves.
This is a progressive evolution that ends in what is called the as-built model, in other words,
what is effectively measured on site once the construction process finishes. The optimal
workflow consists on starting with a schematic model (LOD100) and then enriching the model
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step by step. However, to simplify the model is not so easy as it seems since a lot of
information from the different construction phases are being received constantly. Is the
modeller’s responsibility to be aware of which information is introduced and when to do so.

_ MANAGEMENT OF PROJECT _ _ _ _ _ . MANAGEMENT OF DIGITAL MODEL

LEVEL OF DEVELOPMENT

LOD 000

LOD 100

LOD 200

LOD 300

LOD 400

LOD 500

— e e e e S e e e e e —

Figure 33 - Level of Development recommended for each project phase (Schweitzer, 2016).

International Standard in development process ISO 19650 has made some changes to
Level of Development concept. First, its name has been changed to “Level of information
need”. The decision was taken by a wide group of readers, where there were many not English
native speakers. The reason for this change is to employ a more generic term than LOD. Level
of information need is not supposed to be shortened as an acronym. It should determine the
quantity, quality and granularity of information. The term is used to define a minimum value
for ruling parties’ appointments. Anything among this minimum is considered a waste.

In Italy the standard that refers to collaborative digital environment in the AEC
industry is UNI 11337 Standard, which last version was released in 2017. The remarkable
difference between the AIA specification and the UNI standard lies on the fact that the Italian
standard uses a different scale to define the Level of Development. This scale includes two
more classifications for level of detail definitions, giving as a result seven categories of LOD.
These categories, unlike AIA specification, take their names from alphabetical letters, in the
following way:

LOD A: Entities represented by a symbolic geometric system. All their quantitative and
qualitative characteristics are indicative.

LOD B: Entities graphically represented as a generic geometric system. Their
characteristics are approximative.
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LOD C: Entities represented as a defined geometric system. Their characteristics are
defined in a generic way, respecting the standards.

LOD D: Entities graphically represented as a detailed geometric system. Their
characteristics are specific to similar products.

LOD E: Entities graphically represented as a specific geometric system. Their
characteristics are specific to the single definitive product. Also, fabrication, assembly and
installation details are defined.

LOD F: The objects express the virtualization of what has been constructed (as-built).
Their characteristics are specific to the element cast in place. For each single product the
maintenance interventions have been defined.

LOD G: The objects express the virtualization of an element and its state in a certain
date. It has been updated from the original as-built element, and it is called as-is.

The difference between the last three categories is non-graphical type. It is just some
more information introduced to the entities about their current state, so the user can realize if
it is necessary to make any intervention. The correspondence between the AIA specification
and the Italian standard is presented below:

AlA specification LOD UNI-11337
100 A
200 B
300 C
400 D
500 E

Figure 34 - Correspondence between AlA specification and UNI-11337.

It must be highlighted that during this thesis the LOD concept of the Italian standard
was employed. It must be also highlighted that UNI 11337 standard will probably be updated
in order to adapt the new ISO standard, so the LOD term may also change.

Level of Geometry and Level of Information

Level of Development is divided into two subcategories: Level of Geometry and Level
of Information, called LOG and LOI respectively. The first one is related to the graphical
representation, while the second one corresponds to the non-graphical information about
entities. This classification can be seen in the first column of LOD tables.

Lastly, what is eminently important to understand about LOD concept is the limits to
what must be represented. It does not make sense putting a lot of effort in making the model
look as realistic as possible if it is not required. The use of an excessive level of detail and
plenty of information in a model may be the worst mistake the modeller can commit.

2.3.3. Pipe Modelling

Once terminal elements are placed, the following step is to join them in order to
create the piping systems. The author strongly recommends connecting first all the equipment
with pipe or duct placeholders. By choosing this option, a schematic idea of where pipes will
be positioned can be made. They can also be scheduled and assigned to systems, as well as
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their types and properties can be changed or edited. Pipe placeholders make introducing
changes easier, since they do not have pipe fittings. This way, possible errors like changes on
fitting directions may not occur. In conclusion, it can be said that pipe and duct placeholders
have all the advantages of pipes and ducts, while the only disadvantage they present is visual
(they are represented as a line).

Autodesk Revit 2019

Error - cannot be ignored - 5 Errors, 0 Warnings

The duct/pipe has been modified to be in the opposite direction causing the

connections to be invalid. 5l
£ 1of5 == Show More Info Expand >

Resolve First Error:

Delete Element(s) oK
WA s .

Figure 35 - Error avoided when using pipe or duct placeholders.

Once the schematic design is finished, the next step is to transform the pipe
placeholders into real pipes. This becomes a point of no-return, so the author recommends
doing it only if no more important changes in the layout will made. This is done by clicking on a
pipe placeholder and using the “Convert Placeholder” tool.

I Modify | Pipe Placeholders | Piping Systems |

n : ”
_j_:_C --+ ? ms  Insert  Annotate EGENTECE  Massing & Sitd
Edit |Hydrauli.. Show Related Selection g} E'-I 9 =
Warnings @ o V4 Z !\‘J?

- Warning = Check Duct Check Pipe Check Show

] . 15 Systems Systemns  Circuits |Disconnects
A = |
i o g = e Check Systems

ﬁ-

=
M-+

[« 7

¥
¥
¥

Slope Change Reapply| Convert Cap i
Type  Type [Placehelder| Open Ends »

| Edit |

Figure 36 - In the left, the Placeholder Modify tools. In the right, the Show Disconnects tool.

While drawing the piping system, the best practice is to have checked the “Show
Disconnects” option, since this helps the modeller to realize if there is any problem in the
piping system that do not allow to close the system. These problems can occur due to a
disconnection or inconsistency between systems, when trying to connect two elements from

two different classification system. It is possible to find this tool in the Analyze tab, on the
Check System panel.
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_—| Show Disconnects Options X

Duct
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[] Fabrication Hanger
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Figure 37 - Disconnection alerts displayed for a pipe placeholder.

Consequently, pipes elements were created adopting the same type and properties
than the placeholder has. Pipe elements belong to the “pipe” category, where all families
correspond to System Families type. Only types can be created, modifying some settings such
as the routing preferences.

Routing preferences

Routing preferences allow to select the default pipe fittings that will be placed during
the use of this type of pipe. It is possible to load the required pipe fitting families from the
libraries, since they are loadable families. Some other settings can be also customized: Angles,
Conversion, Segment and Sizes, Fluid, Slopes and Calculation. These settings are saved into
Revit model and can be easily checked in the Manage ribbon, on the Settings panel. There, the
option “MEP settings” can be found. From there it is possible to access either to Duct and Pipe
settings.

Initially the modelling was done by using commercial angles types, the problem was
that this made impossible to follow the CAD planimetry accurately. For this reason, the “Use
any angle” option was selected. This was a mistake, since the planimetry provided, as it was
remarked previously, was in the design phase and the reality is that fittings have a discretized
list of possible angles. Fortunately, no important issues came up from this decision, since the
parameters selected where independent from the angle. However, this would have been an
important error in models whose objective is to compute costs, because fitting costs varies
depending on its angle.

Segment and sizes were the next properties to set up. For PVC pipes, the value was
provided in the commercial catalogue. For the HDPE and Concrete pipes, on the contrary, sizes
were taken from catalogues of Italian manufacturers found on the internet. This detail was
included only with the purpose of making the model more realistic, so a more accurate clash
detection is then obtained.
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Mechanical Settings

? it
|
: B % I
Segment: PVC - Rainwater - SN2 - SDR51 ~ Tt
Properties
-
Reughness: [ 0.00254 mm
Segment Description: |
Size Catalog
New Size... Delete Size
MNominal D oD Used in Size Lists | Used in Sizing | &
125.000 mE118.600 m i 121.800 m
160,000 m:153.600 m:156.800 m
200.000 mi 192,200 m 196,100 m
250,000 m: 240,200 m:245.100 m
315.000 mi302.600 m  308.800 m
A00.000 m: 384,200 m :391.700 m |
.<
w
Corcel

Figure 38 - Revit, customizing pipe sizes.

The last routing preference to be set up was the slope, since the 0,2% slope of the
sewage and rainwater drainage system was not included into the default ones.
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2.4. Parameter assighment

Before starting the information production process, planning which parameters need
to be included for the model scope should be done. They can be inserted into a template so
every time a new file is created, it is not necessary to create the parameters again. It is true
that it is always possible to copy the standards from another file but by working this way a lot
of time can be saved.

The different types of parameters and their characteristics were already mentioned in
the Revit introduction paragraphs. This apart explains the different parameters the author
decided to include to the model. In order to avoid having different parameters names among
the different model files, it is crucial the use of “Shared parameters”. Having different names
or field types for parameters would generate important issues, like not being able to schedule
them in the federated model. This concept improves information consistency.

Shared parameters can be used in multiple families and projects. These types of
parameters are saved into a TXT extension file. For the purpose of this thesis, a unique file was
created where parameters were divided into groups. It is possible to create or modify a TXT file
from Revit, using the tool “Shared Parameters” into the Manage ribbon. The groups present in
this file are described below.

Edit Shared Parameters >

Shared parameter file:

| C:\serstaichi\Documents \DiegoPolito3 | Browse... Create...

Parameter group:

Classification W
40 Phasin
Classificatio
P te
Maintenance Plan arameters
Omniclass2015 Mew...
UMI 3290-1931
Uniclass 2015 Properties. ..
Uniformat 2010
Mave...
Delete
Groups
MNew...
Rename...
Delete

Figure 39 - Shared Parameters file showed inside Revit.

Phasing and Maintenance Parameters
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This group includes all parameters employed for the information management. The
one referring to 4D analysis is the “WBS” instance parameter, which will then be explained in
detail. For the maintenance plan linking, the fundamental type parameter employed was
“Maintenance element”. This parameter is the one that identifies each type with its equivalent
in the maintenance plan. Some other parameters related to the maintenance activity were
introduced, however they are explained on the model application chapter.

IFC parameters

These parameters were created in order to correctly class map the different Revit
elements when they are exported to an IFC extension file. The reason for their use is an
inconsistency found between Revit categories and IFC classes, which is treated with more
detail on the information delivery chapter.

2.4.1. Classification Parameters

In the AEC industry, classification is used in multiple activities, such as information
production, schedules, information management or operation and maintenance information. A
guide about classification underlines that without any classification, finding objects become
very difficult. At the same time, naming strategies may sound intuitive for the person that
created it, while for the rest of the people may not be so obvious (Sands, 2017).

Globalization has transformed the way companies do business, and these phenomena
is also present in the AEC Industry. Imagine it is necessary to replace a certain element: the
existence of market with lots of manufacturers from all around the world, allows to search
between lots of different products with different quality level and origin. The existence of
classification systems appeared to improve the communication between different companies.

They all have similar structure for codifying objects, consisting on subdivisions that the
author will call levels, despite of having a different name for each specification. The
classification code length depends on how much levels are considered. The longer this code is,
the more specific the object is.

It must be remarked that for the purpose of this thesis only elements or products were
classified. However, objects concept not only includes products, it may also include activities,
spaces, systems or complexes, for example.

ISO 12006-2:2015 is the international standard that defines a framework for the
development of built environment classification systems. The standard does not provide an
own classification system, it just includes some recommendations about how to create them.
It was used for creating some of the actual national classification systems. A classification
system works like a common language, so the existence of many of them is a disadvantage in
terms of interoperability. Some of these national classification systems are described below:

Uniclass 2015:

Unified classification for the UK industry that consists on tables that include every item
from any scale. It is the result of collaboration between different experts from AEC industry,
where for the first time buildings, landscape and infrastructure can all be classified under one
unified scheme. It has been structured in a flexible way in case it becomes necessary to include
any classification requirement in the future (Delany, 2017).

44 |



Application of standards in the MEP modelling and data management throughout BIM methodology.

The BS EN ISO 19650 series of standards include the classification as a requirement for
all BIM projects.

Table

OOIS and cquiprment

EF - Elements/ functions

Complexes, entities, spaces, locations and activities

{Larger scale items - arranged broadly by industry sector and function)

10 30 32 35 40 | 42 | 45

Preparation | Administrative, Cultural, Industrial Water and Medical, health, Recreational Sport and Residential
and repair commercial and educational, land welfare and activity
protective scientific and management semitary
services information

50 55 60 | 65 70 75 80 85 | 90

Waste Piped supply Heating, Ventilation Electrical Communications, Transport | Operationand | Circulation
disposal eoaling and and air power security, safety and maintenance | and storage
refrigeration | conditioning generation protection
and
distribution

Figure 40 - Uniclass 2015 two first levels (BIM-Level2, s.f.).

The main starting point are Entities, which are composed of Elements; Elements are
made up of Systems which contain Products. Entities can be described by using the Spaces and
Activities tables, and at a more general level the Complexes table contains terms that can be
thought as groupings of Entities, Activities and Spaces.

Omniclass:

Created by the OCCS Development Committee, it is the North American equivalent to
Uniclass classification system (Buidinginformationmanagement, 2013). When it was created,
developers pretended to combine multiple classification systems in order to obtain a unique
one, based on ISO 12006-2 standard. It was thought to fulfil its purpose for the full project life
cycle. Fifteen inter-related tables each one representing a different facet of construction
information are presented in its inside.

Omniclass is currently implemented in project and resources such as the National BIM
Standard of the United States (NBIMS-US), the Construction-Operations Building Information
Exchange (COBie), the LOD specification, among others. It has the advantage of being flexible
as it is not a hierarchical system, on the contrary, it is possible to combine different facets in
order to obtain new elements that may appear. The idea is to cover all new possibilities in the
AEC industry, avoiding accumulated new elements in “other” classification that has no place in
hierarchy systems.

¢ Table 11 - Construction Entities by Function e Table 31 - Phases

| 45



Case Study: Piattaforma Logistica di Trieste

e Table 12 - Construction Entities by Form * Table 32 - Services

¢ Table 13 - Spaces by Function * Table 33 - Disciplines

¢ Table 14 - Spaces by Form ¢ Table 34 - Organizational Roles
e Table 21 - Elements e Table 35 - Tools

* Table 22 - Work Results * Table 36 - Information

e Table 23 - Products * Table 41 - Materials

e Table 49 - Properties

Figure 41 - Omniclass tables list.

Autodesk, the popular BIM software developer born in the United States, decided to
include into Revit 2019 structure Omniclass classification table number 23, which correspond
to “products”. Products are defined in the standard as “basic building blocks used for
construction”. A product may be a single manufactured item, a manufactured assembly
consisting of many parts, or a manufactured operational stand-alone system.

It is possible to assign an Omniclass code to Revit objects into the family properties.
They figure as “Omniclass Code” and “Omniclass Type”. However, these properties are not
updated to the latest version (released on 2015), so many modelled elements are classified in
a generic way. Anyway, Omniclass on its introduction encourages users to adopt more
subdivisions when necessary, as long as the enumeration rules remain.

Uniformat

Uniformat is a specification created by the Construction Specifications Institute (CSI)
and the Construction Specifications Canada (CSC). It has the particularity of being based on
components and systems, making it more popular between contractors, as it adapts very well
to costs control. The first level classifies information into one of these systems:

A SUBSTRUCTURE E EQUIPMENT AND FURNISHINGS

B SHELL F SPECIAL CONSTRUCTION AND DEMOLITION
C INTERIORS G BUILDING SITEWORK

D SERVICES Z GENERAL

Figure 42 - First level division in Uniformat 2010 Classification.

Next three levels consist on two numerical digits, while the fifth and last level are
represented by two alphabetical digits as the following picture shows:

A SUBSTRUCTURE Level 1

A10 Foundations Level 2
A1010 Standard Foundations Level 3
A1010.10 Wall Foundations Level 4
A1010.10.CF Continuous Footings Level 5

Figure 43 - Example of different grades of specification for Uniformat.
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The tables used in this thesis were the ones released on 2010. This version has the
particularity of presenting both Uniformat and Masterformat codes, named “UF number” and
“MF number”.

Masterformat

The standard was first released in 1975, by the same developers than Uniformat
standard, CSI and CSC. It is the specifications-writing standard for most commercial building
design and construction projects in North America based on activities and deliverables.
Compared to Uniformat, Masterformat is more popular among designers because of its
adaptability to technical specifications and project management systems.

Before 2004, Masterformat classification consisted of sixteen divisions, but afterwards
the number of classifications used until today were created, with the exception of the 40th
division, dedicated to “process integration”. Although having the 2010 version in the

Uniformat tables, it was decided to use 2010 as a guide and then update them to the 2014
version.

It is structured in groups, subgroups, division (1% level) and titles (2" and 3™ levels). In
a project manual application, titles are called sections, which specify “work results”. These
work results are permanent or temporary aspects of construction projects achieved in the
production stage or by subsequent alteration, maintenance or demolition processes.

SPECIFICATIONS GROUP

GENERAL REQUIREMENTS SUBGROUP
Division 01 - General Requirements. 61

FACILITY CONSTRUCTION SUBGROUP
Division 02 - Existing Conditions 83
Division 03 - Concrete 97
Division 04 - Masonry 111
Division 05 - Metals 121
Division 06 - Woods, Plastics, and Composites 135
Division 07 - Thermal and Moisture Protection 149
Division 08 - Openings 17
Division 09 - Finishes 197
Division 10 - Specialties 221
Division 11 - Equipment 239
Division 12 - Fumishings 261
Division 13 - Special Construction 277
Division 14 - Conveying Equipment 289

FACILITY SERVICES SUBGROUP
Division 21 - Fire Suppression 299
Division 22 - Plumbing 307
Division 23 - Heating, Ventilating, and Air-Conditioning (HVAC) ..o 323
Division 25 - Integrated Automation 345
Division 26 - Electrical 353
Division 27 - Communications 367
Division 28 - Electronic Safety and Security 381

SITE AND INFRASTRUCTURE SUBGROUP
Division 31 - Earthwork 393
Division 32 - Exterior Improvements 409
Division 33 - Utilities 425
Division 34 - Transportation 443
Division 35- Waterway and Marine Construction 455

PROCESS EQUIPMENT SUBGROUP
Division 40 - Process Interconnections 467

Division 41 - Material Processing and Handling Equipment............cc.cccccoccvvieie.
Division 42 - Process Heating, Cooling, and Drying Equipment.
Division 43 - Process Gas and Liquid Handiing, Purification, and Storage Equipmen
Division 44 - Pollution and Waste Control EQUIPMENt...........covvecvnnimninreerieeis

Division 45 - Industry-Specific Manufacturing Equipment.
Division 46 - Water and Wastewater EQUIDMENT. ...
Division 48 - Electrical Power Generation

Figure 44 - Masterformat 2014 divisions index.
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UNI-8290

UNI 11337 standard in its second part will define the classification and naming criteria
for models, products and processes. However, it is still in design phase. Because of this, until
its publication, the Italian standard that recommends the way to classify residential buildings
elements is UNI-8290, which is divided into 3 different parts, released on 1981, 1983 and 1987.
The first part contains the classification systems. It consists on one table, with only three levels
of classification. The classification is significantly less exhaustive than the UK and North
America standards. It can easily be appreciated how outdated the standard is by looking at the

following table:

EDILIZIA RESI
CLASSIFICAZION

- SISTEMA TECNOLOGICO

DENZIALE
E E TERMINOLOGIA (NORMA UNI 8290 - 1981)

Classi di unita
tecnologiche

Unita tecnologiche

Classi di elementi tecnici

5. Impianto di
fornitura servizi

8.1 impiants di
clirnatizzazione

§.1.1 Almentazone

B.4.2 Gruppi termici

5,1.3 Cenirall df ratarmento
5.1.4 Redl di distrbuzions o tarminali
5.1.5 Retl di scarico condansa

5.1.8 Canne di ssalazione

6.2 Implanko krosanitario

5.2.1 Allscciamandi

8.2.2 Macchina idraulicha

B8.2.3 Acewrmull

8.2.4 Riscaidalari

R 2R Rah e dssiribaornns aecyis facen s erenali
6.2.8 Rell di dsiribuzions acqus calda & ierminall
5.2.T7 Rab di ncircolo dall'acgua calda

5.2.8 Appareachl sanilan

8.3 Rebi i smalimanio
liquidi

5,3.1 Reh di scarico acque fecal

5.3.2 Reti di scanco acgue domasliche
5.3,3 Retl di scarico acque meteoniche
5.3.4 Rati di ventilazione secondaria

5. Impianto di
Tornitiurs servizi

Bod Irnpiants di smalli-

B.4.1 Alimariazione

marito sarfanmi 5.4.2 Macching
(segue) 5.4.3 Rati di canglizzamona
5.5 Impaanta di smalii- 5.5.1 Canne di caduls
menin solidi 8.5,2 Carne di esalagone
5.8 Impéanta di distn- 5.8.1 Allacciarmant
buizione gas 5.8,2 Rati di distribuziona a terminall
5.7 Impianta elatirios 5.7.1 Alimantazione
8.7.2 Allaceiarmant
8.7.3 Apparwmcchisture alefinchn
5.7.4 Rali di dislribuzions @ terminall
BB Implants o bele- 8.1 Alimentazione
pomunicazion| 5.8.2 Maoching
5.0.3 Fatl & distribueana o lmrminall
.0 Impianio fisso di BB Alerisnbaziars
IraspanG 5.0 Maochina
8.0.3 Parll mebib
6. bmplanto di 8.1 Impianio antincenda | 8.1.1 Alasciamenll
slourezza 8.1.2 Rilevaior & trasdutiod

8.1.3 Resti i distnbuzions & lesminak

B.1.4 Adarmi
6.2 bmpiardo di messa & | 8.2.1 Redl di reccolls
farra 6.2.2 Disparsan
6.3 Impianto parafulmine | 6.3.1 Elemanti di captazione
6.3.2 Riete
B.3.3 Dispéraan

6.4 Impianta anbifuro ed
eliintnis i ms

6.4.1 Alimentazione

6.4.2 Riwvelatar & trasduttan
B.4.3 Rabe

6.4.4 Allarmi

T T ——ra—

T TR P A ——

Figure 45 - Cropped UNI 8190-1981 standard showing equipment decomposition

It must be highlighted that they are standards, it is not an obligation for the designer
to follow them, but a recommendation. When it is decided to work with a level 2 BIM model,
however, British standards consider the use of Uniformat code as essential. For the study case
of this thesis the author decided to input all the different classification systems, in order to
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analyse the advantages and disadvantages that each one presents. Classification parameters
inside were created as “Text” type parameter and saved into the shared parameters TXT file.

As they are getting increasing popularity on BIM projects, a critic for Revit developers
must be done. The author considers that these parameters should be included into the
predefined ones. On BIM phorums, different professionals’” comments recommend the use of
the predefined parameters to assign these codes, such as “Assembly Code” for Masterformat
and “Comments” for Uniformat.

For the purpose of this thesis the parameters were introduced as a Project type
parameter. After filling each parameter with the corresponding value, a better way to proceed
was discovered. The disadvantage of working this way is that these parameters fields are filled
only for the project file, making necessary to fill them again each time a new project is opened.
The best way to include these parameters is on the family editor, by including them on the
RVA file. This way, every time the family is inserted into another project, time for filling the
parameters fields can be saved.

The best solution would be that manufacturers make their own families and upload
them on an internet library, that could avoid the manual loading of family information. This is
the objective that webpages, such as BimObject or MEPContent, are trying to achieve. It is
possible to download from there family files in order to load them into the project. However, it
is not so developed since not many manufacturers have joined the initiative.

To sum up, a comparison table is presented below:

Uniclass Uniformat Masterformat | OmniClass UNI-8290
National Occs
Buildin CSl and CSC CSl and CSC Developme Ente Italiano di
Author e g. (US and (US and nt Normazione
Specificatio .
Canada) Canada) Committee (Italy)
n (UK)
(US)
7 core
tables, 4 50 Divisions, 5 8 Classes .Of
s 9 elements - 15 tables - 2 Technological
Level 1 additional subgroups - 2 .
1 letter numbers Units - 1
tables - 2 numbers
number
letters
. . . Technological
Subdivi Classes of Functional Classes of
, . Work results . . Systems -
ded by | information Elements information .
functions
Max N°
of 5 5 4 8 3
levels
Pr_70_55 9 23.13.31.21. 6.1.3
- .~ 221123.2
Exambl 701 A1010.10.C (Domes3tic-3 13.11.11.15 (Distribution
P (Above- F (Continous . (Steel bar and terminal
e , . Water In-Line . .
ground fire Footing) Pumps) stressing systems - Fire
hydrants) P tendons) protection)

Figure 46 - Comparison table between classifications.

| 49



Case Study: Piattaforma Logistica di Trieste

2.5. Federated Model

The AEC BIM Protocol for Revit suggests employing a model where all models
corresponding to the same project are contained, for the benefit of collaboration and clash
detection. The advantage of doing this is to easily check possible clashes whenever is required.
A federated model was created to host all the models developed about the project. Structural
and architectural models extracted from the Common Data Environment are also included.
The inclusion is made by links.

Some model external to MEP have also been model to help creating the piping and
ducting layout. This was the case of the site, concrete decks, and piles. The last one had to be
created since the IFC file was impossible to load it in Revit.

3 - Platform Level "
318 =

1- Sea Level ﬁ
0.00

3 - Platform Level

1 Sea Level
000

Figure 47 - Revit Federated Model captions

In the federated model each model linked maintains its integrity. It is possible to click
in the single object in order to get its properties but modifying them is not possible. It is
beneficial for publishing coordinates since once their coordinates are published, the rest of the
models can acquire coordinates from it. This has been very useful since acquiring coordinates
from IFC files was impossible.
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3. Information Delivering

The Information delivery process is basically the uploading of the models into the
Common Data Environment process. British standard PAS 1192 recommends the use of a
Master Information Delivery Plan, which is used to manage the delivery of information during
the project lifecycle. This MIDP is formed by a group of Task Information Delivery plan, which
are prepared by team members in order to specify the protocol and procedure that should be
followed (Scotish Futures Trust).

The designers of Trieste’s Logistical Platform shared their models throughout a
collaborative platform and gave the author permission to download files from it as well as
upload material to it. The BIM software tool used for modelling (Revit) and the CDE (Trimble
Connect) were developed by different firms. This fact became an issue when trying to upload
the models.

The exporting process from Revit to IFC is not a trivial process, since they act like two
different languages. Although they have some similarities, it took many tries until all the
information was exported as required.

= CLASS MAPPING
exportlayersH t-AlA txt

- IMP-A-ANTINCEM DIC. vt = ANTINCENDIO ifc
- IMP-B-FOGMA_BIAMCA_IMPALCATC. vt o =_1 DATAMAPPING
- IMP-B-FOGMA_BANCA_INTERRATA.vt i P LT appingP aram. txt TRATTAMEMNTO ARIA Fe

- IMP-D-DISTRIBUZIOME_FANGHL vt
- IMP-F-TRATTAM ENTO_FALDA.nvE + add
- IMP-I-IDRICC vt J’
- IMP-MN-FOGMNA_MNERArvE
- IMP-V-TRATTAMENTO ARLA. rvt

- IM P-C-TRATT AWM ENTO_COLMAT A vt ‘

& Trimble Connect’

Figure 48 - Information delivering process.
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3.1 Trimble Connect

Trimble connect is the name of the collaborative environment produced by the
company Trimble. It allows designers, constructors, owners, and operative workers not only to
share their projects, but also to see those shared with them in a collaborative view where
comments and drafts are allowed. It is also useful for in-place working, since it is possible to
access the platform offline (Trimble Connect).

The decision of the company to use this CDE was surely taken for interoperability
reasons, since the structural models where made on Tekla, a BIM software tool developed by
the same firm.

Trimble enumerates on its page all the extension files supported by the platform. As it
could be imagined, the RVT extension was not included, as it is an Autodesk specific format.
Fortunately, both Trimble and Autodesk have joined BuildingSMART'’s initiative and the
possibility of sharing the information via IFC format is provided.

-
] b
&~ TrimbleConnect - 0 i
Modello_PLT_con armatura DATA ACTIVITY TODO TEAM SETTINGS [ ] p
Explorer + Add o=
- 8 Modello PLT con armatura A Name size Last modified by Last Modified On Tags
W ALTRO
- ALTRO 8.50 MB Nicholas Anziutti Jan 17 2019
I ALVEOLAR
- ALVEOLARI 6.60 MB EDI DANIELIS May 10 2019
M APPOGG!
» I BAIAMONTI M ~PPOGGI 6.00 MB EDI DANIELIS Dec 19 2018
» I CASSONI B GAAMONTI 50 M8 Nicholas Anziutti Feb 22 2019
» Il COMBINATA
- CASSONI 17 MB Diego Ignacio Aich.. Jun 02 2019
» Il CORDOLO PERIMETRALE -
- COMBINATA 4.26 MB Nicholas Anziutti May 03 2019
I3l Explorer
- CORDOLO PERIMETRALE 191 MB EDI DANIELIS Apr302019
ﬁ Releases
. - CUNICOLO IMPIANTI 90 MB Nicholas Anziutti Feb 132019
8 views
- GIUNTI 27 MB Nicholas Anziutti May 07 2019
¥E Clashsets
BN sAnIAMITI 14D Dio, L. n1 -

Figure 49 - Trimble connect web version's interface.

An invitation to join the project arrived via email. It was required to create an account
in order to be accepted as a user and to have access to the files. The new user was created
while it was assigned to it the “simple user” role.

There are two kinds of user within the platform: administrators and simple users. The
administrator role is generally adopted by the BIM manager, who is in charge of creating
groups and assigning users to the correspondent group. Generally, the groups represent
different task teams in an organization. Administrators can assign tasks to each group, which
appear enumerated in the folder “ToDo”. Finally, one of the most important functions of the
administrator is the permissions management, which consists of deciding which group is able
to see and which one to modify each folder.
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( Trimble Connect - 0
Modello_PLT_con armatura DATA ACTIVITY TODO TEAM SETTINGS (i} o]
Groups Groups
CANTIERE PLT
CANTIERE PLT n INGEGNERIA u UFFICIO TECN...

INGEGNERIA
UFFICIO TECNICO Project members

Name Status Company Email Role b Last Accessed

Status

Diego Ignacio Aic...

) Qe =) Qe §= ¢ ¢-

Figure 50 - Trimble Connect teams

Trimble Connect can be used in three different ways: desktop platform, mobile
platform and web platform. The first two possibilities require paying a license in order to
access to them, while the web platform is accessible for free.

3.1.1. Model viewer

Once in the web version, it is possible to select the files that we want to see and open
them in the platform viewer. The platform offers two viewer possibilities: the current viewer
and the beta viewer. When selecting any of them, the selected models are shown. While in the
first viewer the IFC model tree is displayed, in the beta version this function is not available,
but it is possible to add other files from it. It is also remarkable that in the current viewer it is
possible to filter the shown element by their IFC class, whereas the areal selection is not
allowed. The author concluded that there is not a best viewer, it just depends on what is
required to do, and the tools needed to obtain it. By the way, the graphics displayed on the
beta version are better.

Both viewers allow making comments, draft, and save the views. Additionally, it is
possible to assign a task to this view, which is very useful to make the responsible group user
know when it is necessary to make changes to the model. The list of tasks is visible in the
“TODOQ” tab, but only those referred to the user or group are visible for the simple user. Only
the administrator can see all the assigned tasks. The comparison between both viewers is
summed up in the following table:

Viewer version Current Beta
IFC Tree Yes No
Add files once opened No Yes
Filter By IfcClass Not possible
Areal Selection Not Available Available
Remark Yes Yes
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"ToDo" assignment Yes Yes
Comment Yes Yes
Save views Yes Yes

Clash detection Yes Yes

Figure 51 - Comparison table between Trimble Connect's viewers.
The up-left window of the viewer presents the loaded models, structured as a tree,

like it was explained in the IFC export paragraph. It also allows the user to turn on or off the
objects by clicking in the eye symbol.

Model Tree
v i@ IMP IDRICO.ifc e ©
v & Default ©®
v & ®
v & 3-Platform Level ©®
1 IMP-1-Valvola Gallegi... « 7

Figure 52 - IFC model tree in the current viewer.

There is also an Activity tab where all changes and events from the platform are listed.
It works like the “archive” section explained into the Common Data Environment section.
Trimble Connect allows to filter activities by type and group or user involved. From there it is
also possible to access to the model viewer, if there was any change in a model, so the
necessary corrections can be made.

3.1.2. Clash detection

Clash detection is the function that allows the modeller to realize when two different
objects share the same coordinates in the model space. This happens frequently, especially in
collaborative environments where many people upload models and constantly make changes.
The BIM manager is the person that must be alert when clashes take place and advise the
affected user which changes must do, once again, through the “ToDos” assignment.

This powerful tool is included in both model viewer versions, unfortunately it takes
many minutes to effectively show the report. Nevertheless, it is understandable for a software
that works as a cloud-based platform to take much time in verifying the overlapping of
thousands of elements online. If the BIM user wants a more quickly response, this clash
reporting can be made in other offline software, like Revit for example.
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Interference Report
Group by: Category 1, Category .

Message

= Plumbing Fixtures
(=) Pipes
IMP-A-ANTINCEMDIO.rvt : Pipes : Pipe Types:
IMP-A-Tubazione_PEAD-Unidelta: id 1317262
Plumbing Fixtures : IMP-|-Pozzetto_ispezione : 2.50x3.10 - Mark 496 : id

1296391

(=) Pipes
IMP-A-ANTINCEMDIO,rvt ; Pipes : Pipe Types:
IMP-A-Tubazione_PEAD-Unidelta: id 847872
Plumbing Fixtures : IMP-|-Pozzetto_ispezione : 3.34x2.34 - Mark 494 : id
1283116

Created: sabado, 6 de julio de 2019 16:38:42
Last Update:
Note: Refresh updates interferences listed above.

Show Export... Refresh Close

1:00 BTk G EmEES o ik a < >
Figure 53 - Revit clash report.

In this last case, the models necessarily must be downloaded and saved into the

computer local disc. So, for checking clashes between the MEP models the Revit tool was used,

while in the case of the clash detection between the MEP models and models corresponding to
another discipline, the Trimble Connect Tool.

Clashsets %A R - & - X wh- 8- 2 W- B

Figure 54 - Trimble Connect clash detection.

| 55



Case Study: Piattaforma Logistica di Trieste

3.2. Exporting Process

Revit 2019 includes the possibility of exporting models to IFC format, but before doing
that, it is necessary to set up the configuration. To set up the equivalences between Revit and
IFC model is usually called “mapping”. In this thesis two different class mapping were done:
the class mapping and the data mapping. They are both explained in the following paragraphs.

The IFC format has been designed to produce all the building’s information, along its
whole life-cycle. It includes from feasibility analysis to its maintenance and final demolition.
Industry Foundation Class is an open and standard data model, whose objective is to make
interoperability in the architecture, engineering and construction (AEC) industry easier. It is the
most used collaboration format in BIM projects, being supported by near 150 software
applications worldwide (McPartland, 2017). It is defined by its creator, buildingSMART®, as
“the complete and fully stable open and international standard for exchanging BIM data”.

An IFC file is composed by two parts: the header and the body. While the header
contains general information about the building model, the IFC version and software used, the
schema, and the MVD, the body contains the information about the geometry and attributes
of the building itself.

| APPOGGL.ifc - Blocco note — [m] x

File Meodifica Formate Visualizza 7

[so-1e303-21; ~
HEADER;

FILE_DESCRIPTION(( 'ViewDefinition[CoordinationView V2.8, QuantityTakeOffAddOnView] ), 2;1");

FILE_MAME( "APPOGGI.ifc"','20818-83-85T11:28:09", ( "'MSCHIABEL\\m.schiabel'), ('Structural Designer'), 'IFC Database version:Work®
FILE_SCHEMA(("IFC2X3'));

ENDSEC;

DATA;
#1= IFCPERSON{ 'MSCHIABEL\\m.schiabel’, 'Undefined',%,%,%,%,%,%);
#2= TFCORGANIZATION(S, 'Trimble Solutions Corporation’,$,$.%):

Figure 55 - IFC format file's header, opened in Notepad.

Every IFC model is formed by entities, each one defined by the IfcRoot entity. Three
types of entities exist as well: objects, relations and properties. They form the second level of
specialization within the IFC class hierarchy. Objects are the generalization of any semantically
treated thing and they can be related thanks to relationships (BuildingSMART, 2016).
Relationships are also used to assign property sets to a certain object, which defines all
dynamically extensible properties.

IFC extension models have their own structure, which can be represented as a tree.
Each element is necessarily related to other objects that take part on a hierarchical sequence
presented below.
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IFC TREE-VIEW - The IFC tree structure

IFC PROJECT

IFC SITE

act
Praoperty

IFC BUILDING

IFC BUILDINGSTOREY

Flc

IFC BUILDING ELEMENTS

Objects according to IFC classes

Figure 56 - IFC format file’s structure and its equivalence with Revit Software entities.

Model View Definition (MVD)

It determines how an IFC file is used, because it enables a specific data exchange
scenario. MVDs are used for targeted exchange of specialized models, considering the graphic
and content-related information that the planner needs. Thanks to MVD, the designer can
specify what information needs to be transferred, when and by whom. BuildingSMART
webpage defines it as a subset of the IFC schema that is needed to satisfy one or many
Exchange Requirements of the AEC industry (BuildingSMART, 2016).

Revit Model View Definitions available by default start with a term such as “IFC2x3” or
“IFC4”. They represent the data organizational structure and their identification tag, and its
number indicates the data structure version. 2x3 version is the most popular, but it has some
limitations. IFC4 is the most actual one, it extends the geometric parametric support, materials
and structure management. IFC5 is going to be the next release, it is currently in planning
phase (CadLinesw.com).

Apart from the version, some MVDs are created for following national standard
requirements such as IFC2x3 COBie 2.4 Design Deliverable, that follows BS 1190 standards.

3.2.1. Class mapping

As it was already mentioned, Revit families are part of a bigger group called categories.
The equivalent to Revit Categories in an IFC file is called “class”. This class is represented into
the IFC schema as IfcClass. It is important to pick the correct IfcClass for each element in Revit,
because according to the selected class a certain property set will be assigned to those
elements. A property set is a group of properties that are inherent to a certain type of object.
Just to be clear, the properties that defines a certain door are different from those common to
a floor.

There is a list of available IFC classes according to the IFC specification used. The next
step is to define into which IFC class will be exported our Revit categories. This is defined
thanks to a TXT extension file known as “mapping file” accessible from the Revit IFC export
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options. By default, Revit has a significantly accurate mapping file. However, sometimes
making some adjustments is needed.

The mapping file is a TXT file that can be opened as a spreadsheet in a software such
as Microsoft Excel. The file contains three columns, the first one indicates the name of the
Revit Category, while the other two indicate to which IFC class and IFC type the category must
be exported.

IFC Export Classes: C\ProgramData\Autodesk\RVT 201 % exportlayers-ifc-[AlL bt >
. A Load...
Revit Category IFC Class Name IFC Type
Hidden Lines [fcBuildingElementProxy Sl
Linea de referencia [fcBuildingElementProxy Save As...
Parking Layout [fcBuildingElementProxy
Raya [fcBuildingElementProxy
Reference Line [fcBuildingElementPromxy
Stripe [feBuildingElementPraxy
Parking Tags Mot Exported
Parts [fcBuildingElernentPart
Hidden Lines [fcBuildingElernentPart
Pipe Accessories [fcValveType
Accessories [fcValveType
Pipe Fittings [fcPipeFitting
Center line [fcPipeFitting
Pipe Insulations [feCovering INSULATIOM
Pipe Placeholders [fcPipeSegment
Pipes [fcPipeSegrment FLEXIBLESEGMEMT
Center Line [fcPipeSegment
Drop [fcPipeSegment
Hydraulic Separation Symbuols| fcPipeSegment
Rise [fePipeSegment
Plan Region Mot Exported
Planim Arnua Patahile duwn Mt Frrnrted v
Cancel Help

Figure 57 - Revit Mapping file.

During the exporting process, a particular problem appeared when trying to export the
Mechanical Equipment Revit Category. By default, it is exported as a Proxy element, what does
not represent the reality. The problem was that the category does not match any existent IFC
Class Name, so mapping files were not be a solution. In fact, IFC Classes are more specific,
since there are more than one class that can be tagged as a mechanical equipment. The
problem was specific to these elements:

Element Revit Category IfcClass
Fire hydrants Mechanical Equipment IfcFlowTerminal
Pumps Mechanical Equipment IfcFlowMovingDevice
Filters Mechanical Equipment IfcFlowTreatmentDevice

58 |



Application of standards in the MEP modelling and data management throughout BIM methodology.

Figure 58 - Mechanical equipment families and its IFC equivalences.

The list of IFC classes was taken from the IFC specification for 2x3 Coordination view

MVD on buildingSMART webpage. In the webpage there is a graph where the architecture of

the IFC version is represented. On the top, some circles where different domains are shown, by

clicking the one that is required (IfcPlumbingFireProtectionDomain or HVACDomain) the

IfcEntities specific to that domain are shown.

Phambeng
FraProlectian
Diamwin

Stnache
Flamsnti
Dmain

Consirucilon

Managomard
Diamali

Figure 59 - IFC2x3 version domains

Once it was decided to which class the mechanical equipment families will be mapped,

the next step was to research how to specify the export setting in Revit. The existence of “IFC

Parameters” was found in the Autodesk guides. These parameters, called “IfcExportAs” and

“IfcExportType”, allow to do the class mapping by family types. They should be saved in the

shared parameters TXT file, by selecting “text” option as the type of data. The last step is to

modify the families using the family editor, enter in the family parameters and add both IFC

parameters to the family as “type parameter”.

The filling of these parameters value can be made in the family editor or inside the

project, by clicking the object and then selecting “Modify Type”.

Proprietr | Posizione | Classificazione | Relazioni

i} MNome Valore
T - Element Specific

;155;: / Guid 2KMu9rJafFpafyg_D4wnrt

giﬂﬂﬂ[j{: / IfcEntity IfcBuildingElementProxy

iy MName IMP-A-Idrante_sottosuolo-Cppa.rfa: 20
] [ mm: 1261351
ChjectType 90 mm
- Tag 1261351

—- Text
WES T.07

Proprietf | Posizione | Classificazione | Relazioni

Reference 30 mm

Figure 60 - Before and after an appropriate Class Mapping process.

Valare

B MNome
- Element Specific
Guid 2KMugrJafFpafyg_D4wnke
IfcEntity IfcFlowTerminal
Mame IMP-A-Idrante_sottosuclo-Opp
o.rfa:80 mm: 1259384
OhjectType 30 mm
Tag 1259334

- Pset_DistributionFlowElementCommon
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3.2.2. Data mapping

By controlling the data mapping the modeller makes sure that information goes to the
correct position. There are some standard IFC Exporter parameters, such as IfcName,
IfcLongName, IfcObjectType and IfcDescription that can be overridden in order to follow the
standard and to avoid creating several parameters inside the IFC file. However, when looking
into the company’s IFC models, this technique has not been followed, so for the purpose of
this thesis the author decided not to follow it either. Using representing parameters names in
spite of generic names was preferred.

The way parameters are exported is defined in the IFC export tool in Revit. The first
dialog box asks the customer to choose an MVD. Then the possibility of customizing the MVD
is given. The Model Viewer Definition used for accomplishing the goal was a duplication of the
2x3 Coordination View 2.0, since it is the most widely used and supported IFC version.
However, it is necessary to make some changes to it in order to do the data mapping. For
doing this it was necessary to create a duplicate of the MVD, since Revit does not allow to
change the setting on default MVDs.

Export IFC (v. 19.2.0.0 X
File name: C:\Users\aichi\Documents\Diego\Politc\3 - Tes\PLT\PLT_15_IM
Current selected setup: IFC2x3 Coordination View 2.0 PLT ~ Modify setup ... |

] <In-Session Setup >
IFC Version: W [Fc243 Coordination View 2.0
Projects to export: IFC4 Reference View
2| IMPA-ANTINCENDIO IFC4 Design Transfer View
o IFC2x3 Coordination View
IFC2x3 GSA Concept Design BIM 2010
IFC2x3 Basic FM Handover View
IFC2x2 Coardination View
How do | specify an export setup? IFC2x2 Singapore BCA e-Plan Check Export | | Cancel
IFC2x3 COBie 2.4 Design Deliverable
IFC2x3 Coordination View 2.0 PLT

Figure 61 - IFC Exporting Revit setup

By default, the option “Exporting IFC common property sets” is checked. This option
maps all Revit properties identified by the MVD that follow certain rules and match them to
the correct attribute name in the IFC property set. However, some parameters do not follow
the IFC naming standard, so they will not be exported, being lost in the process.

Modify Setup *

<In-Session Setup >

General | Additional Content | Property Sets | Level of Detail | Advanced

<IFC2x3 Coordination View 2.0 Setup> 3
[ Export Revit property sets

Export IFC common property sets
[[] Export base quantities

<IFC4 Reference View Setup>
<IFC4 Design Transfer View Setup>
<IFC243 Coordination View Setup>

<IFC2x3 GSA Concept Design BIM 2010 Setups| L] Export schedules as property sets

<IFC2x3 Basic FM Handover View Setup»
<IFC2x2 Coordination View Setup>

<IFC2x2 Singapore BCA e-Plan Check Setup>
<IFC2x3 COBie 2.4 Design Deliverable Setup>
IFC2x3 Coordination View 2.0 PLT

O Export only schedules containing IFC, Pset, or Commeon in the title
Export user defined property sets

C:\Users\aichi\Documents\Diego\Polito\3 - Tesi\PLT\PLT_15_IMP\PLT_15_IMP_RVT|

[[] Export parameter mapping table

o
=1
T

| Classification Settings..

| Cancel

Figure 62 - Revit MVD customization, data mapping.
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Export Revit Property sets allow to export all properties and parameters in the file.
Despite being a fast and easy solution, the use of this option may result in duplicated
information, making the file heavier than necessary. The use of schedules also incurs to this

issue.

The author strongly recommends the use of user defined property sets for doing the

export. This consist in a TXT file that must be structured following certain rules. They allow the
user to map each parameter in Revit and pick the property set at which will belong and the
name that will show in the IFC file. The TXT file is structured as follows:

| PLT-MappingParam(FULL).txt - Blocco note - O x

File Modifica Formate Visualizza 7
PropertySet:
UniClass 2815 Text
OmniClass 2815 Text
Masterformat 2014 Text
Uniformat 20818 Text

UNI 8298-1 1971 Text UNI-B29@

PropertySet: Scheduling I IfcElement
WBS Text WBS

Data Istallazione Text Install Date

Giorno Istallazione Integer Install Day
PropertySet: Manutenzione I IfcElement
Data Sostituzione Text Replacement Date
Giorno Sostituzione Integer Replacement Day
Propertyset: Manutenzione T IfcElementType
Elemento Manutenibile Text Elemento Manutenibile
Responsabile Text Management Responsible

Frequenza Controlli
Frequenza Sostituzioni Integer ReplaceFr‘elear‘sI

Classificazione T
Uniclass 20815
OmniClass 2815
Masterformat Code
Uniformat Code

IfcElementType

Integer CtrlFregDays

Figure 63 - User Predefined Data Mapping file.

At first, creating a TXT file may look as a last resource option. It is easy to make

mistakes and it requires to know something about IFC version structure. However, once the

user gets the idea of how it works, it results very advantageous since he can decide how and
where to map each parameter. One more detail is that by using this option from the federated
model, no problems took place, since the Revit option did not work for exporting linked files.

a  stuwerc |
B i Tipo Mome
vo
v | v + IfcFlow... IMP-A-Sfiato: 160 mm: 1301708
¥ +-IfcFlowF... IMP-A-Gomito_PEAD:Standa. ..
___________ L L ¥ +-IfcFlowF... IMP-A-Gomito_PEAD:Standa. ..
--------- ¥ +-IfcFlows... Pipe Types:IMP-A-Tubazione...
¥ +-IfcFlows... Pipe Types:IMP-A-Tubazione...
o7 FTfrFlawE  TMB-A-Gamitn PEAN:Gtanda

5] MNome
Masterformat 2014 331216
OmniClass 2015 23-27 3147
UMI 8290-1 1971 06.01.03
UniClass 2015 Pr_g5_54_30
Uniformat 2010 D4010.10

~-Manutenzione

Elemento Manutenibile  05.01.05
Frequenza Controll 168

Frequenza Sostituzioni 99

Responsabile Idraulico

Proprieti | Posizione | Classificazione | Relazioni

+ Manutenzione
+- Pset_DistributionFlowEl tC
+- Pset_ManufacturerTypeInformation
+- Pset_ProductRequirements
+- Pset_QuantityTakeOff
-I-Scheduling
Data Istallazione 13/9/2018
Giorno Istallazione 949
WES C0.26-30

Figure 64 - IFC Export result.

Valore
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3.2.3. Materials

Another issue that appeared during the exporting process was the absence of colours
in the objects. Despite of being included into the piping system properties and being displayed
on Revit, when the IFC model was loaded into Trimble connect the element appeared as white.

So instead of selecting the display colour in the system properties, it was decided to
change the material colours. For this reason, a new material for each system was created, as it
can be seen in the following picture.

Browser dei materiali - Plastic ? *
|| Q| Identita | Grafica | Aspetto | Fisico  Termico
Materiali progetto: T... *> E » 1:3,9 Smooth - Light Gray %E D
Nome -

|
i

PEAD - Beach Nourishment

Dv

PEAD - Containment Water
P Informazioni

PEAD - Domestic Cold Water ¥ Plastica
Tipo | Plastica (uniforme) -

PEAD - Firefighting Colore |RGB 179 179 179 -

Finitura | Opaco =

PEAD - Groundwater Treatment
Composizione in rilievo finitura
Piastrella vinilica | | » | Motivo rilievo

P Tinta

Plastica

PVC - Rainwater

PVC - Sewerage

S ENENNEn

Rame
E-@- «
E‘a @ Annulla Applica

Figure 65 - Revit material library.

Nevertheless, this is not the best practice, since the real material is not displayed in
case of realistic views. But as the aim of this project is to highlight the different systems in the
model, this solution meets the requirement. It must be remarked that this solution is only
applied to the pipe elements. It seems like they are the only elements where material is
exported, while the fittings remain in white colour.
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4. Model Applications

As it was explained in the first chapter of this thesis, the creation of a model may have
different purposes. While the ones provided by the designer company were probably created
for the scope of calculating materials or costs, the scope of the models created by the author
where decided to be used in another way. Depending on the model’s scope the number of
elements and the level of detail will change.

For the purpose of this thesis, two different objectives where tried to follow. First, it
was made a 4D simulation about how the construction process was done. Furthermore, an
analysis studying the difference between what was predicted and what really occurred was
made. In project management this process is known as task following. However, to be
considered as a project management activity, it must be considered the cost factor. The
inclusion of costs would have required more information that the available. Otherwise, the
only models the author was able to edit or include cost parameters were the ones related to
the equipment, which summed up is not even a 10% of the compressive building cost.

Lastly, data obtained from the model and from the simulation was employed to start a
facility management approach, useful for the operational phase activities. First, the
maintenance plan was linked to the model by assigning to each element the correspondent
code. Once it is identified, with the information about the installation day obtained in the 4D
analysis it is possible to manage every asset in the workplace that requires to be maintained.
The first idea was to use a BIM-based Computerized Maintenance Management System, then
in a database software like Microsoft Access.
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4.1. 4D Analysis

As it was mentioned in the introduction of this thesis, a four-dimension analysis
consists on the inclusion of a parameter that considers time factor. The parameter that was
assigned to all instances present in the models was called “WBS”.

The 4D analysis made during this thesis was for the construction phase, so in order to
make the analysis it is necessary to work with the Project Information Model.

Work Breakdown Structure

It is defined as a deliverable oriented hierarchical decomposition of the work to be
executed by the project team. There are some rules that must be followed in the process of
creating a WBS (Lee, 2018):

The 100% rule says that the WBS must include 100% of the work defined by the
project scope and captures all deliverables in terms of the work to be completed, including
project management.

WBS structure must be mutually exclusive. This means that it must not exist
overlapping in scope definition between different elements of the WBS. An ambiguity could
result in duplicated work or miscommunications about responsibility and authority, so special
attention has been paid to this concept.

A WBS is made of outcomes and deliverables. They are the only elements that must
appear on it. Inclusion of actions must be prevented, focus must be made in the elements
produced more than in the movement parts that made it possible.

WBS-Code FLT
Cost $278.858.625,00
i i ! 1
| PERMETRAL CORD | PLATFORM __| OFFICES | SmE | TACTAF EQUIPMENT
Code Co Code Ik Code UF Code S Code Co
— 01 — 0 —* Foundation — Foundation — Foundation
— 1
— = —= chure —= cture
T T Files Structure Structun S tructun
—* Exermnal —= Extemal —= External
" Pumping Rooms - Beams
Concmte Slabe Aveda Do — Equipment — Equipment — Equipment
— Equipment — Equipment ==
— Finishes —* Concree cast
— g — Finishas
— —- 2
—

Figure 66 - Work Breakdown Structure of PLT project.

The 8/80 rule establishes that work packages must take between 8 and 80 hours of
effort (1 to 10 days of work). This makes an idea of the level of detail developed in the creation
of the schedule. So, for example, if a work packages production takes more than 10 days of
work, it must be divided into other different work packages with a shorter duration.
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4.1.1 Scheduling

A schedule is a usual concept in the construction management field. It is defined as a
time, cost and resource control and management tool that identify activities for entire project
with time scales, required budget and resources, and relations with dependencies. The
Schedule is a list of planned activities to be done within the allowed time frame. It serves as a
tool to assist project management in achieving project goals through efficient use of available
resources (TheProjectDefinition).

The project schedule must be created to introduce time dimension and to get a 4D
model. Unfortunately, the original schedule of the construction company was not shared with
the author, but he decided to try elaborating an approximative schedule, so the time
dimension can be assigned to his model.

The rest of the information about the timetables were taken from the reports. Some
clues are described below:

e Initially the estimative duration of the entire project was 852 consecutive days,
equivalent to 30 months.

e After realizing that some excavation works had taken more time than expected, the
approved heritage study indicated that the expected finish date changes from
09/06/2018 to 29/01/2019. However, some activities had to be finished before
finishing November 2018, as they were linked to European contribute.

® During the process of land reclamation, there were found materials containing
asbestos with a crumbly consistence. This fact has stopped the activities, while a
bureaucratic process began: a meeting was called where a permanent securing of the
place (Messa In Sicurezza Permanente — MISP) was installed. The material was found
on 13/09/2016, while activities restarted on 12/12/2016.

e By phone call, the company employee told the author that the number indicated on
each desk of the structure corresponds to the order on concrete jetting sequence.

e An old worksite report provided a rough description about the different phases
adopted to do the work.

® Previous knowledge about the thematic allowed to suppose an approximative
productivity of the resources employed. A duration of one day for pile was considered,
while the productivity of the excavator considered as 10 m3/day.

Microsoft Project software was chosen for creating the schedule. The reason why it
was selected was its availability and the prestigious that Microsoft firm has. Luckily an
educational was provided by the university.

Microsoft project’s is a tool principally used for the project management. Its
scheduling tools allows the user to create tasks, make a relation between them and create a
Gantt diagram in an easy way. For doing this the first step was to create a calendar, where
workable days and hours were inserted. It was considered a 24 hours calendar, with the
creation of non-workable days during the process of securing the place.
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The way the software relates the different tasks is by creating links, which can be from
different types: Finish to start, Finish to start, Start to Finish and Start to start. The possibility
of assigning resources to each task is also provided, however, it was decided to use the
software just for the scheduling

For this thesis only Finish to Start links were created. WBS principles were adopted. A
first schedule approximation was made considering groups of piles, groups of beams and
alveolar panels and concrete decks as different work packages. Although it was still an
approximation, when trying to import the schedule into Synchro an error message alerted that
maximum number of tasks allowed was achieved. For this reason, the final schedule consisted
of less than 125 tasks. It was decided to adopt the zone division as the deliverables associated
to the different tasks.

This resulting schedule shows a WBS structure that does not meet the requirements of
the 8/80 rule, because some tasks duration was too long. Nevertheless, for the purpose of this
thesis, the simplified schedule was enough to introduce the 4D concept and analyse the
interoperability between two different BIM software tools.

Tasks list and the Gantt chart, which is the graphical representation, are shown in the
Annex 2 section of this thesis.

4.1.2. Syncro PRO Software

Synchro PRO is a 4D BIM/VDC construction scheduling and project management
software. This tool allows matching a BIM model to a schedule in order to update the
construction plan in 4D in a matter of minutes (Syncro Software).

The software was created by Bentley®, another well-known company in the BIM
industry. This may be a problem in terms of interoperability, since our project has been
modelled in Revit. During this thesis, two different approaches were made in the integration of
both software:

e Exporting/importing directly from Revit thanks to an add-in deliberately created

e Using IFC files.
) 4 O . P

Exportto Export N
Synchro Settings \

- - h ., III |'ll.
s . [ [
PLTAMP-COO " e I

I
PLTPMG-5chedule.xml

i

— . .
&~ TrimbleConnect’ ————a,— e PLT-PMG-AMD
EHSIREC PLT-PMG-Simulazione.sp

Figure 67 - 4D Analysis workflow.
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Synchro initial layout consists of five windows. In the left it is the navigator, where is
possible to see useful components like resources, 3D objects, project, animations. Two
windows show the schedule of tasks and the Gantt chart, under them the 3D viewer of the
model is placed. The last window, at the right edge, is where properties are shown.

Revit plug-in

The Revit add-in tool of Synchro allows the user to make some changes in the export
settings, like the parameters to be exported. The objective of this exported model is to be
linked to a schedule, so every parameter that has nothing to do with timetables or costs would
be considered as useless. In this case, the shared parameters related to the maintenance and
element classification were excluded from the user fields list.

A detail that saved considerable time in the exporting process was that the plug-in
allows to export also linked files, so the SP export has been made from the coordination
model. The result of the exportation process is a file with SP extension, readable in all Synchro
software tools.

The import of the SP file is done by going to File > Import > Synchro project. Once the
SP file exported from Revit is chosen, a new window appears asking which elements and
parameters are desired to import. In this case everything has been exported, since the
parameter filtering was made previously in the Exporting options.

Synchro Export Settings X e Manage QEGLELEE BIM One  Modify [ =

F & &

E=FA  About Formlt Exportto Export

SOFTWA

General Synchro Settings
L[Emtiaaiepaces t Conwerter Synchro
[] Export nested families as separate elements
[] Use Shated Coordinates Import Synchro Project X
[[] Create 30 Fiters from Sheets
Create Resources from 3D RESOURCE_TYPE_MATERIAL ~ How would you like to import this fie?
Levels 2 :‘;v '; i:' »:'d?‘»' d ’;‘ew;‘:u—*— data into the cument Project
. pend the data to cusrent Project
Create Viewpoints For Each Level =
L £ Reframe Gantt to show imported data
Choose how you would like to process each object
i Object Command
Risk assignments Import -~
3D Objects Import
3D Assignments Import
Export Matching User Fields Only Activity codes Import
Parameters To E xporl: Activity code assignments Import
| Add User ficlds Impori
User field values Import
Code Remove Appearance profies Import
WBS Assigned profiles Import
Omniclass 2015 Baselines Import
Clash tests Impaort
Task statuses Merge
View points Merge
Cutting planes Merge
Animation Import
3D Path Import w
B01.2 Default Skip all
Reset
it < Indietro Anrula ?

Figure 41 - Synchro export and import settings. In the left, export settings from the Revit add-in. In the top-
right, position of the Synchro plug-in in Revit. In the bottom-right, importing SP file options, once in Synchro
software.
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IFC Importing

A special mention will be done to the IFC export options used for the 4D simulation. As
many models were going to be imported into the simulation, it was decided to reduce file
sizes. This would be the equivalent to choose the parameters desired to export from the Revit
Add-in.

The way of doing this is to change the set up in the property set settings into the
export IFC settings. This time, the user defined property sets was reduced in order to get just
what was necessary: the WBS parameter.

| PLT-MappingParam(WBS).txt - Blocco note O X
File Modifica Formato Visualizza ?
FropertySet: Cronoprogramma I IfcElement

WBS Text WBS

Windows (( Linea 1, coli 100%

Figure 68 - TXT file for importing WBS parameter.

Schedules

Synchro pro gives all the necessary tools in order to create an own schedule from
scratch, similar to MP ones. Since this schedule was already created in MS Project, the import
schedule option was selected. For doing this, the schedule must be saved as an Extensive
Markup Language format file. Hopefully, Microsoft Project allows to save schedules with this
format. XML is a language for structured data interchange. It is used to create common
information formats which can be shared wherever ASCII standards are followed, like web
pages (Rouse, 2010).

Synchro Contains

Resources o x COI’T’IpEIFIiES O x
Name Tip 3D -
all: D
4 Material Resou... 5425
1 IMP-B-Cadit... Material 1 »
2 IMP-A-Te_P.. Material 1
3 Pipe Types:l... Material 1 Shiow
4 IMP-B-Staff.. Material 1 Calendars A Types -
5 IMP-B-Cadit... Material 1 s
i Pipe Types:l... Material 1 24 Hours
7 IMP-B-5taff.. Material 1 » BLT =
8 IMP-ATe_P.. Naterial 1 PLT Type (]
9 IMP-B-Staff.. Material 1 Project Calendar Calendar PLT
10 Pipe Typesil.. Material 1 Color C]F
1 IMP-B-Staff..  Material 1 v September 2016 nr
12 IMP-I-Gomit... Material 1 do lu ma mi ju wi sa
13 IMP-B-Gomi... Material 1 28 29 330 31 2 3
14 IMP-B-5Staff...  Material 1 4 5 & 7 8 9 10
15 Pipe Types:l.. Material 1 5
16 IMP-F-nnes... Material 1 21 22
17 Pipe Types:l... Material 1 28 29
18 IMP-B-5taff...  Material 1 5 3 4 5 § T 8
19 IMP-D-Sond... Material 1
2(0 Pipe Types:l... Material 1 S v | Mon-working Day |
Resources | 3D Objects  Project | Total Hours = 0:00 |

Figure 69 - Synchro resources, calendars and companies navigator.
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Importing the Revit model creates not only new 3D objects in the project, but also the
material resources. Resources belongs to one of the four different types: Human, Equipment,
Material and Location.

Resources belongs to companies, so if no company was yet created, new resources will
be assigned to a no-name new company. The name of this unnamed company was changed to
ICOP.

Next step was to assign the new resources to the different tasks. It is unthinkable to
select one by one thousands of elements and assign each one to a task. Consequently, auto-
assignment tool must be employed. For doing this, the key is to have planned the parameter
that will indicate to which task will the resource be assigned. The code employed for this aim
was “WBS”.

The auto-assigning rule requires the task field value that will be joined with the WBS
parameter. The user field named “Resources code” was added on the schedule. This is made
by left clicking on the task list and selecting the Customize Columns option. Once the
assignment is done, it is possible to move the red spotted line that represents the “focus
time”.

Name | WBS to code

Summary options Relations
Use only Selected Resources [ Juse only Selected Tasks (C)None
D]gnore Assigned Resources Dlgnore Tasks with Assignments O One-to-One
[ IMerge Resource Groups [ ]1gnore Summary Tasks (®) Many-to-Many
Expression
| OR ( User field: [Cronoprogramma]WBS = User field: Resources Code (Text1 Add
| Delete
Delete All
Operator
() AND (®O0oRr () AND NOT (JORNOT []True if Undef
Term
Resource attribute Task attribute
[ ]Use Parent [ ]Use Parent
User Field &7 User Field &7
User Field User Field
| [Cronoprogramma]WBS ~ Resources Code (Text1) ~
Equipment Human
Type: i
Yp! Location Material Use entire nested Code Value
Algorithm
() Bxact (®) Substring (O) Longest Common Substring
Options
| Min Length: ‘ 2 ‘ = [ |Separators:
Min Digits: ‘ 2 ‘ = [ ] Case Sensitive
1
OK Cancel Help

Figure 70 - Synchro auto-assigning tool.
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Task progress tracking

An interesting concept that the author decided to add to the 4D model was the
comparison between the planned schedule and what actually happened. This activity is called
as “progress tracking” in the project management environment. The project manager is
responsible for daily evaluating the project progress, in order to have information about how
the schedule is being followed and evaluating the decisions to be made regarding to economic
financing.

For the purpose of this thesis costs factor was not taken into account, however, the
author wanted to mention Synchro potentiality. The task progress tracking was done taking as
a reference satellite images taken from Google Earth. Although it is not the correct way to
perform project management activities, the idea of doing this was to try the tools provided by
the software.

Figure 71 - Evolution of the worksite showed on satellite images.

First it is necessary to create a baseline that copies the schedule form. A baseline is the
value or condition against which all future measurements will be compared. Synchro allows to
maintain a baseline schedule and track revisions to it. Controlling the baseline is essential for
the project success. Once the baseline is created on Synchro, it is possible to follow the project
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process. The baseline is created by selecting all tasks user wants to be in the baseline (or doing
Ctrl+A), left clicking and choosing the “Baseline Selected Tasks” option.

The task tracking is done by using a reference date from which the analysis is made.
This reference day is named on Synchro as “Data date”, and it can be set up from the Project
tab inside the navigator. By default, it is selected as automatic, which means that Synchro will
use the actual date as the data date. The data date is represented in the Gantt chart by the
dotted blue line.

Changing the tasks status can be done by left clicking on each task and selecting the
“progress” option or changing its status into the task properties panel. There are five different
ways to do the task tracking on synchro: Automatic, Duration, Manual, Physical and Units. This
can be changed for each task going into its properties. The automatic progress type was left, as
the default, since the other options may require further information like a physical
measurement about the task progress or other resources like human and equipment, which
was not available. Automatic progress type means that when the task status is updated, if the
start or finish date is selected, the progress percentage is automatically calculated.

Task Properties v rox D S :
General (@@ W8 [%] °S 4 I 2.0.00 42,

4 - [ 2.1.00 2.a-Verifiche analitich. ..
Status Finished g a 2.2.00 4 2.b - Realizzazione im...
Progress Type  Automatic 9 2201 [impianto TaFmac |

) Complete 1one 10 2.3.00 2.c- Scavo per rimozio...
Duration Type Fixed 1 24.00 Sl Ll

Figure 72 - Synchro, changing tasks status from its properties.

The task progress of all tasks was changed to “finished”, choosing the start and finish
dates according to which the images show. By doing this, new information about the tasks is
attached: the actual start date and actual finish date. The following step is to update the
schedule with the actual dates, so the Gantt chart will show the baseline created first, while
the actual schedule is displayed.

o 3.d - Pali di fondhziong

4 3.d - Pali di fondazion 1
Impalcato 31 q
Impalcato 32 q
Impalcato 33 q
Impalcato 34 q
Ilmpalcato 35 H
Impalcato 36 q‘

Impalcato 37 q
Impalcato 38 %
Impalcato 39 %
Impalcato 40 q

Impalcato 41
Impalcato 42
Impalcato 42
Impalcato 44
Impalcato 45 f' Impalcato 454

&' Impalcato 31
Impalc
Impalgato 33
Impalcato 34
Impalcato 3§
Img
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Figure 73 - Gantt chart of the baseline, in red, and the actual schedule in blue.

| 71



Case Study: Piattaforma Logistica di Trieste

The way to represent this is with the 3D windows. It is possible to open more than
one, in order to assign the baseline to a window and the actual schedule to the other one.

By changing the appearance profiles, it can be customized the way resources appear in
the 3D viewer. As is was picked the install option, objects that are going to be installed after
the focus time will not appear. Other possible options provided are maintain, remove or
temporary. By moving the focus date (easily done by dragging the red spotted line in the Gantt
chart), it is possible to see how 3D objects appear and disappear from the 3D viewer.
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4.2. Asset and Facility management

Asset and facility management are activities developed during the operational face of
the building. Operational lifetime of a building is estimated to be the most expensive period of
the building’s entire life cycle, and this is the fundamental reason why BIM models tends to be
used during this phase.

80%

9 Planning
@ Building
[ ] LIsage

. Demaolition

2%

15%

Figure 74 - Life-cycle costing (Statista, s.f.).

First, the author would like to remark the difference between two concepts that seem
similar but have important differences. (Kavrakov, 2015):

Maximum Return on Assets and Asset Optimal work environment
Utilization (rate)

Assets utilized by both primary Assets which support the
business and support business primary business of a
functions of company/organization company/organization
Improve maintenance productivity and Improve user primary business
optimise equipment reliability productivity and effectiveness
Achieving Investor’s profitability End User/Occupier workplace
objectives while minimising assets’ needs and demands

capital expenditures

Out of AM’s scope of work Over 90% of corporate social
responsibility initiatives are
managed by FM

Figure 75 - Asset and Facility Management comparison.

Besides their clear differences about their objectives, both share many concepts and
management method. One of their common scopes is in the areas of maintenance, operations,
safety and logistics. Since the aim of the systems created during this thesis are intended for
support activities, a facility management approach was considered for doing maintenance and
asset tracking.
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Both activities require the existence of an Asset Information Model. The AIM is formed
by all models, data and documents required for the operation phase of an asset. The British
standard PAS 1992:3 specifies the way AIM should be delivered in order to achieve BIM level 2
in relation to the operation and maintenance of the assets. The standard is flexible in allowing
data and information to be stored within a discrete information model, or to be accessed via
links to existing information systems.

ORGANIZATIONAL MAMAGEMENT
ASSET MAMAGEMENT (ES [S0 55000)

PAS 11922 L i
(=
acqune D
Opsratoiues
2 L
Dlspas
I durnc||shisell ﬁ\
Modlifgireplace’
~arhance
PAS 1192-3
% .

Figure 76 — PAS 1192-2, Asset Information Model elaboration process.

In the case of Trieste’s Logistical Platform, the company was assigned not only for the
design and construction but also for the management and maintenance of the structure for a
thirty-years period. For this reason, it was thought that the creation of an AIM would be very
helpful in order to follow the operation activities.

4.2.1. Maintenance Plan

The maintenance plan receipted consisted in a PDF with several pages divided into 5
parts:

1 — Use Manual: Lists of all assets including description and the correct way for using
it, sorted by Element Code.

2 —Maintenance Manual: Lists of all assets where requirements, performance,
possible anomalies found, controls and possible interventions required are explained.

3 — Performances subprogram: List of all requirements of assets performance, sorted
by type.

4 — Controls sub-program: List of all necessary controls sorted by Control Code.
5 — Interventions sub-program: List of all interventions sorted by Intervention Code.

It must be mentioned that the Element Code mentioned in the Maintenance plan is
composed by three levels of specification, the same as the Italian standard UNI 8290.
However, it does not follow this standard, not even another international standard. The first
level indicates the technologic unit.

74 |



Application of standards in the MEP modelling and data management throughout BIM methodology.

01 PLATFORM DECK

02 INFRASTRUCTURE

03 PORT WORKS

04 CONFINED DISPOSAL

05 HYDRAULIC EQUIPMENT

06 BAIAMONTI DEVIATION

07 | GROUNDWATER AND TERRAIN REMEDIATION
08 ELECTRIC AND SPECIAL EQUIPMENT

Figure 77 - Maintenance plan, Technologic Unit Classes.

The next level establishes the technological unit, for example for the hydraulic

equipment:

Figure 78 - Maintenance plan, Technologic Units inside Hydraulic Equipment Class.

0

0

0

5.01 HYDRAULIC AND FIREFIGHTING SYSTEM
5.02 SEWERAGE AND RAINWATER DRAINING
5.03 PUMPING EQUIPMENT

Lastly, the third level represents the single element that must be maintained.

Figure 79 - Maintenance plan, Elements inside Pumping Equipment Technologic Unit.

05.03.01 MANOMETERS
05.03.02 CENTRIFUGE PUMPS
05.03.03 LOW VOLTAGE PANEL
05.03.04 ACCUMULATION TANK
05.03.05 BUTTERFLY VALVES

This codification has been adopted since not doing it would have mean to change the

maintenance plan. So, for every element in the model has been assigned the “element code”

parameter. It must be remarked that the list is not exhaustive, remaining many other objects

without a classification code. The value “no data” was assigned to them, in order to show that

they were not included in the maintenance plan.

The codes for performances, control and interventions uses a similar expression. The

first three levels indicate the element to which the maintenance must be done, and a fourth

one is included since for the same object may exists more than one control or intervention

activity. This fourth level consists in a letter (“R” for performance requirement, “C” for control

activity or “I” for intervention activity), plus two numbers.
Frequency
Control Code Control Title Control Type (weeks)
05.03.03.C01 | Controllo centralina di rifasamento Controllo a vista 8
05.03.03.C03 Verifica messa a terra Controllo 8
05.03.03.C02 Verifica deli condensatori Ispezione a vista 24
05.03.03.C04 Verifica protezioni Ispezione a vista 24
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Figure 80 - Maintenance plan, control lists for Accumulation Tank.

Since either interventions and controls must be done every certain amount of time
(identified by frequency) it is possible to create a maintenance schedule thanks to it.
Nevertheless, some intervention activities do not specify a frequency, for the contrary, they
are supposed to be done “whenever it’s necessary” or “when failure”. For these cases a special
consideration must be done.

4.2.2. Use of Trimble Connect

Since the company uses Trimble connect for collaboration and information
management purposes, the idea of joining the maintenance plan with the model by attaching
the correspondent PDF file to each element came up. This way, the responsible for following
the maintenance schedule can search for the element in the mobile app and once there get
the element and maintenance procedure information by clicking the object. Luckily the
collaboration platform allows the uploading of PDF files.

Trimble Connect
From

Computer
Upload here
Browse Modello ... > IMPIANTI > Documenti
Connect

~Name Size Last mo... Last Mo...
Link 04.01 - Perimetro a tenuta.pdf 28 MB  Diegolgn.. Jun1720...
04.01.01 - Trincea drenante-p.. 28 MB  Diegolgn..  Jun 17 20...
04.02 - Disp funz alla gestione ... ~ 28 MB  Diegolgn..  Jun 17 20...
04.02.01 - Imp di igienizzazione... 28 MB  Diegolgn..  Jun 17 20...
04.02.02 - Sonda per rilevamen... 28 MB  Diegolgn..  Jun 17 20...
04.02.03 - Sistema di distribuzi... 28 MB  Diegolgn.. Jun1720..

Figure 81 - PDF files loaded into Trimble Connect

The first idea of how to do the attaching was to select elements thanks to a filtering
process by parameter. The parameter that would help to do the connection was the one called
“Element Code”, as it appeared in the maintenance plan. The problem of doing this was that
filtering by parameter inside the platform was impossible.

So, searching for other alternatives, it came out the idea of opening the IFC tree and
picking all the elements belonging to a certain family, as they are arranged in alphabetical
order by its family name. However, neither the multiple selection inside the model tree was
possible.

The last option considered was filtering according to its IFC class, and then selecting
the items so the PDF files could be attached. However, as it was explained before, this was not
possible since the viewer that allows filtering does not have the areal selection tool and vice
versa. So, the idea of filtering and clicking one by one the elements was no sense.
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The author decided to adopt the solution of attaching the necessaries PDF files to the
general model, so each element will have a reduced maintenance plan just containing the
information about elements present in the same file. The responsible of the maintenance just
should click on the element, search for the element code through the lists of documents
attached and open the respective PDF file.

To sum up, the file attachment failed. It might happen because of the limitation that a
single user has. Administrators might have more management possibilities respect single
users. If that is true, the author recommends doing the attachment, so information about the
element’s maintenance is clarified and accessible for everyone in the platform. If
administrators are not able to do the attachment by multiple filtering, the author will consider
this as a mistake that Trimble developers should solve in order to improve the platform
potentiality.

0 @

Object attachments

04.02.01 - Imp di igienizz...

Figure 82 - Trimble Connect, document attached to an object.

The use of Trimble connect may be very helpful for identifying each element
properties, like the code. However, as the filtering by properties option is not available, this
means a one-way road. It is possible to navigate through the model and identify the objects,
click them and get it properties, like its code. However, it is not possible to get the object
position by having its code.

4.2.3. Openmaint

For the purpose of this thesis, the idea of trying a software specially created for facility
management purposes came up. This kind of software is called Computerized Maintenance
Management Systems. Since there are not student licenses for this kind of software, or they
are given for a very reduced period, it was decided to look for an open source software.
Searching in the web, an CMMS called OpenMAINT appeared, so it was decided to try it.

OpenMAINT is a ready-to-use application, which means that it is configured with all
the essential basic storages, processes, reports and dashboards. It is very useful for medium
and large organization to manage the mobile assets. By default, many folders in the form of
tabs are included, some of them are buildings, installations and movable assets.

OpenMAINT is considered a servlet, which are server-side programs that handle clients'
requests and return a customized or dynamic response for each request. To make it run, it was
necessary to investigate about Java language, databases and so other concepts totally alien to
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a civil engineer. The way internet tutorials explain how to run the openMAINT includes the
following requirements:

Java Development Kit: development environment for building applications, applets
and components using the Java programming language.

PosgreSQL: Powerful open source object-relational database system.
PostGIS: Spatial database extender for PostgreSQL.

Apache Tomcat: Open source implementation of the Java Servlet, JavaServer Pages,
Java Expression Language and Java Websocket technologies.

DMS Alfresco: Document management software that brings company content under
control. Important files are easily found, shared and secured. Information flows to the right
person, at the right time in the applications and devices people use to get their jobs done.

Once all the requirements are reached and correctly set up, the servlet should be
running in the local server by running into the navigator localhost:8080/0penmaint. However,
the author couldn’t make it run, probably because of incompatibility between the previous
elements versions or a failing in setting up the database.

Nevertheless, another solution appeared thanks to the collaboration of a computer
engineer that presented me the Docker alternative. Docker is the world’s largest library of
container images. The advantage of its use is that containerized software will always run the
same, regardless of the infrastructure. An application that runs openMAINT written in JAVA
language was found in internet. The code was copied in a blank notepad file and then saved as
a file with YML extension. The YAML Ain’t Markup Language (.yaml or .yml) has been inspired
on the XML format. It is used not only for configuration files but also be used in many
applications where data is being stored or transmitted, as this case requires.

| docker-composeyml - Blocco note - m} X

File Modifica Formato Visualizza 7
Persion: r2
services:
postgis:
image: kpettijohn/postgis:9.4 #mdillon/postgis:9.5
ports:
- "5555:5432"
environment:
- POSTGRES_PASSWORD=test
- POSTGRES_USER=postgres
geoserver:
image: kartoza/geoserver:2.6.1
ports:
- "B889:808@"
bimserver:
image: rsilvad/bimserver
ports:
- "B890:808@"
openmaint:
image: rsilvad/openmaint
ports:
- "B885:808@"
environment:
- BIM_ACTIVE=true
- GIS_ENABLED=true
- GEOSERVER_ON_OFF=on
- DB_NAME=cmdbuild
links:
- postgis:postgres
- geoserver
- bimserver

Figure 83 - Openmaint YML code.
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The way for making this file run in Windows 10 Pro/Enterprise operative system is by
using the Powershell application. It requires to have already installed Docker for Desktop. The
way to run a command in a new container is by using the command “docker run” being
positioned into the folder where the YML file is placed.

After running the code, the following step is to enter to the local host in the port
number 8888. This is where the web application should be running. The first step into the
application is to enter with username “admin” and password “admin”.

Interface

OpenMAINT has a user-friendly interface, it does not take much time to understand it.

Assets inventory Preventive and break down maintenance

BB o X

GIS & BIM Central Database Logistics
support management

@B iciic I I i -(:)-
S S O =

BIM GIS

Energy and Environment Economics management

CRON« I (@ () A S

Figure 84 - Openmaint, main areas (OpenMaint, 2015).
Asset Inventory

Here you can manage the inventory of the facilities. It is the first section found when
application starts. It is divided in different objects hierarchy.

GIS & BIM support

The servlet allows the user to load an IFC file, that will then appear in the buildings
register. Once in the table of buildings, it is possible to give to the building a position in the
world thanks to an interactive map. Another function allows to have a 3D view of the model,
where it is possible to rotate and pick a certain object. The object is selected and from there it
is possible to access to its position in the assets table.

Preventive and breakdown maintenance

The servlet has different workflow when it respects to a preventive or a breakdown
maintenance activity. Both involves many different profiles and documents, being very
complete. However, these functions may not be useful for the case study, not only because of
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the lack of information about the company structure, but also because it is not that big to need
a warehouse where all assets are first stored and then transported.

Moreover, when trying to import the IFC file, an error occurs related to the BIM and
GIS support, which depends on a PostreSQL extension. This way, the idea of using it was left
aside, since the author’s programming knowledge was not enough at the same time the effort
would have not worth it.

4.2.4. Database Linking

The use of OpenMAIN failed but introduced the author into databases topic. The
reality is that OpenMAINT is just a more complex database with some add ins like BIM, GIS and
Documents manager. Databases are a large quantity of indexed digital information. Most
popular databases are the relational ones, that consists on different tables related between
them. The tables are conformed by rows (generally called records or tuples) and columns (also
called attributes). The way tables are related one to each other is by sharing certain attributes.

Hopefully, Revit has the possibility of exporting projects to a database. In order to do
this, it is necessary to download an add-in from the official Autodesk webpage, called Revit DB
Link. This add-in allows to export to some of three types of drivers: Access 2000-2003, Access
2007 or Open Database Connectivity (ODBC).

For this thesis the Access 2007 driver was chosen, so database management system
Microsoft Access was necessarily employed. With its rich and intuitive design tools, Access
helps users create appealing and highly functional application in a minimal amount of time
(Microsoft Office Oficial Webpage). It has the advantage of being included into the list of
Microsoft Office products, so no download was required.

It should be remarked the database potentiality: They are very useful for input
information in the model, no matter its nature. For this thesis it was used for maintenance
scopes, but all kind of information about the model can be managed from there. In fact, all
parameters that were introduced since now by manually clicking on objects or using schedules
could have been completed by exporting the database, completing the desired fields, and
importing the correspondent database.

Revit DB Link export process gives as a result an MBD extension file. The first picture
the user gets when the database is opened, is terrifying: several tables representing each one a
Revit entity or type of entity, and many others with information about layouts, lines or the
project. It took some time to understand what they meant, but once the necessary tables were
picked, they were isolated and grouped thanks to the use of grouping sets.

A critic the author makes to DB link is that exporting linked files is not allowed.
However, this was imaginable since Revit linked files properties cannot be modified from the
host model. This turned a disadvantage since the optimal solution would have been to have an
asset information model that could be managed from a single file.

Consequently, the idea of having all databases linked into one came up. The first step
was to create a blank database that will be used as host. Once created, to link tables from
external database, the user must go to the External Data palette and click on the option New
Data Source>From Database>Access. The “creating a linked table” option is selected. This way,
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every change made from the central database file, is also reflected on the single model
database.

The connection between files is represented in the following schema:

—

H

- IMP-A-ANTINCENDIO.rvt Revit DB Link PLT-FM-1A-Antincendio.mdb
- IMP-B-FOGNA_BIANCA_IMPALCATO.rvt PLT-FM-IB-Fogna Bianca Impalcato.mbd
- IMP-B-FOGNA_BIANCA_INTERRATA rvt PLT-FM-IB-Fogna Bianca Interrata.mbd
- IMP-C-TRATTAMENTO_COLMATA.rvt ﬁ PLT-FM-IC-Trattamento Colmata.mbd
- IMP-D-DISTRIBUZIONE_FAN GHI.rvt PIT-FM-ID-Distrib Fanghi.mbd
- IMP-F-TRATTAMENTO_FALDA. rvt PLT-FM-IF-Trattamento Falda.mbd
- IMP-HDRICO.rvt PLT-FM-II-ldrico.mbd
- IMP-N-FOGNA_NERA.rvt PLT-FM-IN-Fogna Nera.mbd
- IMP-V-TRATTAMENTO ARIA.rvt PLT-FM-IV-Trattamento Aria.mbd
& \l/ & @
-IMPIANTI COORDINAMENTO -FACILITY MGMT CENTRAL

Figure 85 - Revit and Access files, linking graph.
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Phases
PipeAccessories
PipeAccessoryTypes
FipeConnections
PipeConnectionTypes Select All
PipeFittings
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PipeMaterials
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PipeSystemTypeEnums
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FlantingTypes

PlumbingFixtureOniall

Cancel

Figure 86 - Access, selecting desirable tables to link from another database.
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Relations between linked tables, however, are not allowed. This is an inconvenient
since it makes impossible to make inter-tables queries, what would be very helpful when
special filters are required, as for example, a research of every mechanical equipment that is
positioned inside the perimetral cord. Nevertheless, custom grouping and using a name
convention for tables help the author order tables by his criteria. Renaming a linked table does
not reflects into the file database, luckily, because that would have cause problems in the
database importing process into Revit. By making use of these benefits, a well-organized list of
assets and assets types has been created.

From this central database file, it is possible to change some of the parameters values.
The responsible for the maintenance, for example, would be able to fill the required
parameters when needed. Each time the models are required to be updated, it is matter of

using Revit DB link extension to import the database referred to the file.

PLT ASSET MANAGEMENT = « _

Searchi.
MECHAMNICAL EQUIPMENT
:'j A MechanicalEquipment

:'j C MechanicalEquipment
:'j O MechanicalEquipment
:'j F kMechanicalEquipment
:'j | MechanicalEquipment
:'j M MechanicalEquipment
PIPE ACCESSORIES

:ﬁ A Pipehccessories

:ﬁ Bl PipeAccessories

:ﬁ BT PipeAccessories

:ﬁ C Pipehccessories

?E D PipeAccessories

:ﬁ F Pipebccessories

:ﬁ | Pipehccessories

:ﬁ M Pipehccessories

PIPE FITTINGS

* A PipeFittings

*H Bl PipeFittings

*E BT PipeFittings

*E C PipeFittings

3

e

b

yol

Y

-

j A MechanicalEquipment

Record: M

sl 1239751
1239695 1239751
1239702 1239751
1239721 1239751
1239736 1239751
1239805/ 1239751
1239832 1239751
1239843 1239751
1239850 1239751
1239863 1239751
1239909 1239751
1239916/ 1239751
1239923 1239751
1240149 1239751
1240287 1239751
1240344 1239751
1240351 1239751
1240356 1239751
1240363 1239751
1253480 1281578
1254838 12815738
1254856 1281578
1254927 1281578
1254931 1281578

1 of 69 F oM

Figure 87 - Access, grouping order on the central database.
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Something interesting that can be taken from OpenMAINT is the division between
preventive and breakdown maintenance. As they belong to different nature, they need to be
treated separately.

The breakdown maintenance includes all activities related to repair or replacement of
a certain equipment because it cannot continue performing its function. This may occur
because a planned or an unplanned event. Planned events are usually considered in run-to-
failure maintenance models, while unplanned events usually drive to corrective maintenance.

Both types of maintenance, breakdown and corrective were taken into account in the
model by the inclusion of an integer-type parameter that indicates the replacement frequency,
in years. It was called “ReplaceFreqYears”. Some elements in the maintenance plan are
considered within the interventions, some others, on the contrary, are not considered since its
life cycle is long enough to not be considered through the thirty-years maintenance period.
The last ones have been considered with a replacement frequency of 99 years, the same as the
elements where its replacement is considered “whenever is necessary”. Consequently, these
elements will not be shown during the thirty-years period as necessary to replaced.

Preventive maintenance, on the contrary, consists of all activities intended to prevent
the likelihood of an unexpected breakdown. These activities are less expensive than the
breakdown maintenance, despite being required more often.

Both controls and interventions schedules contain preventive maintenance activities.
They were introduced in the model within the parameter called “CtrlFregDays”, and its value
represents the smaller frequency among all preventive maintenance activities, in days.

The last parameter included was the personal responsible for doing the maintenance,
in order to make a difference between the different users that participate in the maintenance
plan. It was created an extra parameter called “Management Responsible”, that in the actual
database can be used as a filter parameter, and maybe in a possible expansion can be used for
managing different users with different permissions inside the database.

Input parameters

The facility manager or whoever is responsible for tracking the maintenance activities,
interact with the model within input parameters. The input parameters added for this aim
were called “Last Replacement Day” and “Last Control Day”. As the date type of field is not
supported by Revit, it was necessary to create a system that identifies each day with a number.
For this new system, the construction start is considered the number 1 day. The starting value
for these parameters is taken from the schedule created in synchro: Install Day is the first
value for Replacement Day.

A MechanicalEquipment Y 5] Bl PlumbingFixtures '\ F A Pipes | 53] A PipeAccessories

SystemNam - Size - Comment ~| Mark ~| WBS - Code ~ |Install Date ~ | Install Day - |Last Replace - |Last Replace ~

Antincendio 90 mma-90 mmg 147 T.12 PLT.IA.S5.42.41.VLVSRC  17/5/2018 830 17/5/2018 830
Antincendio | 160 mmg-160 mmg 154 €0.51-55  PLT.IA.C0.55.12.VLVSRC 7/11/2018 1004 7/11/2018 1004
Antincendio 90 mm@-90 mmg 158 €0.51-55  PLT.IA.CO.52.31.VLVSRC 7/11/2018 1004 7/11/2018 Imm
Antincendio | 160 mm@-160 mm@ 171 1M.02 PLT.IA.IM.02.21.VLVSRC  20/8/2017 560 20/8/2017 560
Antincendio | 160 mm@-160 mma 172 1M.11 PLT.IA.IM.11.1L.VLVSRC  5/9/2017 576 5/9/2017 576

Figure 88 - Access, parameters completing.
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Figure 89 - Revit, result of the database import process

Once parameters are filled, the day for the next control or replacement can be
calculated using calculated values inside schedules inside Revit. For this purpose, a new
schedule was created, where all parameters related to the maintenance were introduced. The
“Next replacement” calculated value consisted on obtaining the day where is supposed that
assets’ lifecycle finishes. However, since the replacement frequency of elements that were
scheduled to be replaced “whenever is necessary” adopted a high value (99 vyears), a
conditional formula was introduce so to return only elements that need to be replaced within
the thirty first years of operational activities.

B Calculated Value *

Mame: Mext Replacement

Farmula Percentage

Discipline: Commaon

Type: Mumber

Ermrrks | if{Last Replacement Day + ReplaceFreqlears * 365 < 13000, Last Replacement Day + ReplaceFreqyears * 365, 0) |

Cancel Help

Figure 90 - Revit Next Replacement calculated value

The schedule resulted as it is shown in the following picture:

=Replacements Schedule=
A B C D E
Code Last Replacems: Last Replacement : ReplaceFregyeariMext Replacs)
PLT.L& TN.0O1.52. GONMITO 745 2022018 o9 0
PLT.L& TN.0O1.53.GONITO 745 2022018 o9 0
PLT.L& TN.0OZ.51.GONMITO 780 S02018 o9 0
PLT.L& TN.O3.51.GONITO 76T 150032018 o9 0
PLT.L& TN.0O5.51.GONMITO 781 200032018 o9 0

Figure 91 - Revit Schedule, replacements.

At this point it is important to show that the way to proceed has more disadvantages
than advantages. The following flow chart helps identify the steps carried out.
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INFUT OuUTPUT

(Federated Model)
| Mext Control _
. MNext Replacement |

(Central DB)
. Last Control Day |
' Last Replacem Day /

(Local files)
Importing Process

Figure 92 - Flowchart Access-Revit linking

First, the fact that Revit does not work with date parameters, makes everything more
difficult. It is unthinkable to have to look at a table each time a translation between dates and
the numerical system adopted is done. Let’s suppose that in a Revit future version, date
parameters are available, so to continue with the analysis.

To get Revit schedules values updated, first, it is required to update the model by using
Revit DB Link to import the linked databases inside each discipline model. Then, close them
and open the federated model. The problem is not only time consuming, but the requirement
of a computer just to have the model updated. Of course, the activity of updating the model
should be casually done, since no important modifications took place.

This last paragraph drives the author to an important conclusion: control and
replacement tracking must be done inside access, where the user, by using a form, register all
controls done day by day. These forms would be registered into a table, consisting in four
fields: when and what control was made, who made it, and to which element. Date can be
automatically filled thanks to the use of (today) values. The person who made the control can
be also automatically filled by reading the user that filled the form. This way, the operator
would just need to select the element and the control done, that can be selected from a menu
when the element is identified.

This automatization not only makes operation works simpler, but it is also helpful for
identifying when a mistake was made and who was the responsible. However, Access is still a
very basic tool respect from others in market. It does not give the possibility of viewing the
element at which refers the registers, since it is just a database software. So, if this option is
used, a new code applicated only of the maintenance objects should be done. This code must
be easily understandable for the user, since it is not the possibility of looking them at the
model. In the case of pipes and fittings, this code must englobe a group of them, since it is
unthinkable to register them as single elements when a clean maintenance is done. The use of
Trimble connect may help to identify which element is being maintained to check the form,
but it makes impossible to identify in the platform where are the elements that must be
maintained that day are placed.

These problems are avoided with the use of CMMS where BIM models can be
introduced, such as OpenMAINT. The company responsible for the operational activities
should take them into account for a more efficient work, but they must know that managing
this kind of software require an inversion on training personal.
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5. Conclusion

To conclude with this thesis, the author would like to sum up what he has learned
during his first experience with BIM methodology.

The modelling process is very tedious at first, for unexperienced users. Plenty of
mistakes are made due to the lack of knowledge about the software and their tools. However,
it is important to be alert to these mistakes in order not to repeat them, since working in a
wrong way leads to inconsistency problems that make the model useless for being used for
other scopes.

The use of classification codes is a very interesting option but the fact of filling their
values is a tiring and time-consuming activity. It is worthless to use more than one system
classification, so before starting a project, it must be clear what classification will be used.
Actually, the most complete and consistent seems to be Uniclass. However, they are being
continuously updated, so in the future it may result outdated respect from others. When
working in different countries it may happen that a certain standard is most commonly used.
In this case, it may result convenient to follow it in order to improve collaboration with other
companies and between the different task teams.

The creation of a BIM guide with specification on standards is strongly useful for the
modeller to have an idea which are the limits of the model. Specifying the parameters that will
be used help the designers to avoid information inconsistencies and consequently hard work
changing parameters values. LOD specification not only improve communication between
contractors but also helps the designer identify when something is worth to be modelled and
when becomes a time waste.

Models are a representation of reality, and not the reality itself. Beginner modellers
use to overdetail models to make it seem as real as possible. The author has made the same
mistake in many cases, since the models receipted were also overdetailed. In cases where
there are no LOD specifications, like in this thesis case, the author must be capable of setting
the limits regarding to the available time and resources. After some time, modelling, it was
decided that every element in maintenance plan should be created as a family. The scope of
the model must orient the modeller which elements are necessary and which level of detail
introduce. Creating pipe supports was a mistake, but they can be used for estimating the cost
of the complete piping system. But if every pipe support in the perimetral cord walls had been
placed, it would have meant weeks of useful work, since they had nothing to do with the 4D
simulation nor the maintenance plan.

It must be remarked that working with BIM based software usually requires a high
computational potential, so, companies that would want to introduce BIM methodology must
think in making an investment not only in training personal but also in technology. At the
beginning of this thesis, the work was done in a commercial notebook that allowed the author
to work in one model at a time. But then, when it was necessary to work in different models at
the same time, it was impossible to show everything in a sixteen-inches screen.
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Application of standards in the MEP modelling and data management throughout BIM methodology - Case Study: Piattaforma Logistica di Trieste
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Application of standards in the MEP modelling and data management throughout BIM methodology

Case Study: Piattaforma Logistica di Trieste

ANNEX B - SCHEDULES
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Application of standards in the MEP modelling and data management throughout BIM methodology - Case Study: Piattaforma Logistica di Trieste

Jan 2016 Jan 2017 Jan 2018 Jan 2019
D Name Duration ~ BLEarly Finish ~ BL Early Start Actual Start Actual Finish Resources Code (Text1) Apr Jul Qct Apr Jul Qct Apr Jul Oct Al
wk -161wk -148wk -134wk -121wk -108wk -95 wk -82 wk -69 wk -56 wk -43 wk -30 wk -17 w|
1 0.0.00 Project - PLT 1044d 07:59 1/1/3001 07:59 1/11/3001 08:00 8/2/2016 17:00 1/4/2019 —_—ee—a——“_)y’
4 1.1.00 1.a - Approntamento cantiere - Uffici 55d 17:00 2/4/2016 08:00 8/2/2016 08:00 8/2/2016 17:00 2/4/2016
5 1.1.01 Uffici 55d 17:00 2/4/2016 08:00 8/2/2016 08:00 8/2/2016 17:00 2/4/2016 UF
6 2.0.00 2- 815d,1m  17:00 15/2/2018  08:00 3/4/2016 08:00 3/4/2016 08:01 10/10/2018
3 1.0.00 1- 55d 17:00 2/4/2016 08:00 8/2/2016 08:00 8/2/2016 17:00 2/4/2016
2 0.0.01 Inizio 0d 08:00 8/2/2016 08:00 8/2/2016 N
1 2400 2.d - Pali di fondazione ed elevazione impalcato 672d,1m  17:00 11/10/2017  08:00 27/12/2016  08:00 24/8/2016  08:01 10/10/2018
8 2200 2.b - Realizzazione impianti TAF e TAC 285d 17:0012/9/2016  08:00 12/7/2016  08:00 20/8/2017  08:00 1/6/2018
7 2.1.00 2.a- Verifiche analitiche cumulo rovescio 208d 17:00 11/7/2016 08:00 3/4/2016 08:00 3/4/2016 17:00 10/2/2017
9 2201 Impianto TAF/TAC 285d 17:00 12/9/2016  08:00 12/7/2016  08:00 20/8/2017  08:00 1/6/2018 T
10 2.3.00 2.c - Scavo per rimozione cumuli bonifica a terra e rifiuti, progr collaudo fondo scavo 416d 17:00 15/2/2018  08:00 27/12/2016  08:00 27/12/2016 17:00 15/2/2018
12 2401 Impalcato 01 195d 17:00 7/1/2017 08:00 27/12/2016  08:00 1/2/2017 08:00 15/8/2017  IM.01
13 2402 Impalcato 02 191d, 1m 17:00 15/1/2017  08:00 8/1/2017 08:00 10/2/2017  08:01 20/8/2017  IM.02
14 2403 Impalcato 03 261d, Tm  17:00 28/1/2017  08:00 16/1/2017  08:00 24/8/2016  08:01 25/8/2017  IM.03
15 2404 Impalcato 04 191d, 1m 17:00 6/2/2017 08:00 29/1/2017  08:00 20/2/2017  08:01 30/8/2017  IM.04
16 2405 Impalcato 05 215d, im  17:00 15/2/2017  08:00 7/2/2017 08:00 2/2/2017 08:01 5/9/2017 IM.05
17 2406 Impalcato 06 24d, 1m 17:00 24/2/2017  08:00 16/2/2017  08:00 1/9/2017 08:01 25/9/2017  IM.06
18  24.07 Impalcato 07 30d, 1m 17:00 6/3/2017 08:00 25/2/2017  08:00 10/9/2017  08:01 10/10/2017  IM.07
19 24.08 Impalcato 08 30d, 1m 17:00 15/3/2017  08:00 7/3/2017 08:00 20/9/2017  08:01 20/10/2017 IM.08
20 24.09 Impalcato 09 29d, 1m 17:00 24/3/2017  08:00 16/3/2017  08:00 1/10/2017  08:01 30/10/2017 IM.09
21 24.10 Impalcato 10 31d, 1m 17:00 2/4/2017 08:00 25/3/2017  08:00 10/10/2017  08:01 10/11/2017  IM.10
22 241 Impalcato 11 175d 17:00 11/4/2017 08:00 3/4/2017 08:00 15/3/2017  17:00 5/9/2017 IM.11
23 2412 Impalcato 12 170d 17:00 20/4/2017  08:00 12/4/2017  08:00 25/3/2017  17:00 10/9/2017  IM.12
24 2413 Impalcato 13 31d, 1m 17:00 30/4/2017 ~ 08:00 21/4/2017  08:00 20/10/2017  08:01 20/11/2017  IM.13
25 2414 Impalcato 14 29d, 1m 17:00 9/6/2017 08:00 1/5/2017 08:00 1/11/2017  08:01 30/11/2017  IM.14
26 2415 Impalcato 15 30d, 1m 17:00 19/5/2017  08:00 10/5/2017  08:00 10/11/2017  08:01 10/12/2017 IM.15
27 |24.16 Impalcato 16 164d 17:00 28/5/2017 | 08:00 20/5/2017 | 08:00 10/4/2017 | 17:00 20/9/2017 | IM.16
28 |24.47 Impalcato 17 159d 17:00 7/6/2017 08:00 29/5/2017 | 08:00 20/4/2017 | 17:00 25/9/2017 | IM.17
29 |24.18 Impalcato 18 30d, 1m 17:00 16/6/2017 | 08:00 8/6/2017 08:00 20/11/2017 | 08:01 20/12/2017 |IM.18
30 |24.19 Impalcato 19 29d, 1m 17:00 25/6/2017 | 08:00 17/6/2017 | 08:00 1/12/2017 | 08:01 30/12/2017 |IM.19
3 2420 Impalcato 20 29d, 1m 17:00 4/7/2017 08:00 26/6/2017 | 08:00 12/12/2017 | 08:01 10/1/2018 | IM.20
32 2421 Impalcato 21 139d 17:00 13/7/2017 | 08:00 5/7/2017 08:00 15/5/2017 17:00 30/9/2017 | IM.21
33 2422 Impalcato 22 113d 17:00 22/7/2017 | 08:00 14/7/2017 | 08:00 15/6/2017  |[17:00 5110/2017 |IM.22
34 |24.23 Impalcato 23 25d, 1m 17:00 31/7/2017 | 08:00 23/7/2017 | 08:00 21/12/2017 |08:01 15/1/2018 |IM.23
35 2424 Impalcato 24 19d, 1m 17:00 9/8/2017 08:00 1/8/2017 08:00 1/1/2018 08:01 20/1/2018 | IM.24
36 |24.25 Impalcato 25 273d, 1m | 17:00 19/8/2017 | 08:00 10/8/2017 | 08:00 10/1/2018 |08:01 10/10/2018 |IM.25
37 2426 Impalcato 26 16d, Tm 17:00 29/8/2017 | 08:00 20/8/2017 | 08:00 20/1/2018 | 08:01 5/2/2018 IM.26
38 |24.27 Impalcato 27 14d 17:00 7/9/2017 08:00 30/8/2017 | 08:00 1/2/2018 08:00 15/2/2018  |IM.27
39 |24.28 Impalcato 28 14d, 1m 17:00 16/9/2017 | 08:00 8/9/2017 08:00 11/2/2018 | 08:01 25/2/2018 | IM.28
40 12429 Impalcato 29 28d, 1m 17:00 25/9/2017 | 08:00 17/9/2017 | 08:00 5/2/2018 08:01 5/3/2018 IM.29
41 24.30 Impalcato 30 11d, 1m 17:00 11/10/2017 | 08:00 26/9/2017 | 08:00 1/3/2018 08:01 12/3/2018 | IM.30
42 13.0.00 3- 302d, 1m 17:00 8/7/2018 08:00 12/10/2017 | 08:00 16/2/2018 08:01 15/12/2018
Tt Piattaforma Logistica Trieste Dated 8/2/2016 Drawn by Diego Aichino Programme No —
faparamene Primo Stralcio RevNo Rev comments SSHYHEH hE
Client Autorita Portuale di Trieste Notes ornted 6005 1573015

- E— e —————T——
<C:\U \aichi\Documents\Diego\Polito\3 - Tesi\PLT\PLT_1S_PRM\PLT1-IFC-Version final.sp>, Page 1 of 3

Page |Vl



Application of standards in the MEP modelling and data management throughout BIM methodology

Case Study: Piattaforma Logistica di Trieste

Jan 2016 Jan 2017 Jan 2018 Jan 2019
D Name Duration  BLEarly Finish ~ BL Early Start Actual Start Actual Finish Resources Code (Text1) Apr Jul QOct Apr Jul Oct Apr Jul Oct Al
wk -161wk -148wk -134wk -121wk -108wk -95 wk -82 wk -69 wk -56 wk -43 wk -30 wk -17 w|
44 3.2.00 3.b- Scavi per la realizzazione del Baiamonti, collettore acque di pioggia, impianti 91d 17:00 17/5/2018 08:00 16/2/2018  08:00 16/2/2018 17:00 17/5/2018
43 3.1.00 3.a - Scavi e riempimenti a 2+50 msm 40d 17:00 26/6/2018  08:00 18/5/2018  08:00 18/5/2018 17:00 26/6/2018
46 3.2.02 Terreno 00 7d 17:00 1/3/2018 08:00 23/2/2018  08:00 23/2/2018  17:00 1/3/2018 T.00
45 320 Terreno 01 7d 17:00 22/2/2018  08:00 16/2/2018  08:00 16/2/2018 17:00 22/2/2018 T.01
47 3.2.03 Terreno 02 7d 17:00 8/3/2018 08:00 2/3/2018 08:00 2/3/2018 17:00 8/3/2018 T.02
48  3.2.04 Terreno 03 7d 17:00 15/3/2018  08:00 9/3/2018 08:00 9/3/2018 17:00 15/3/2018  T.03
49  3.2.06 Terreno 04 7d 17:00 22/3/2018  08:00 16/3/2018  08:00 16/3/2018 17:00 22/3/2018  T.04
50 3.206 Terreno 05 7d 17:00 29/3/2018  08:00 23/3/2018  08:00 23/3/2018  17:00 29/3/2018  T.05
51 3.2.07 Terreno 06 7d 17:00 5/4/2018 08:00 30/3/2018  08:00 30/3/2018 17:00 5/4/2018 T.06
52 3208 Terreno 07 7d 17:00 12/4/2018  08:00 6/4/2018 08:00 6/4/2018 17:00 12/4/2018  T.07
53 3.2.09 Terreno 08 7d 17:00 19/4/2018  08:00 13/4/2018  08:00 13/4/2018 17:00 19/4/2018  T.08
54 3210 Terreno 09 7d 17:00 26/4/2018  08:00 20/4/2018  08:00 20/4/2018  17:00 26/4/2018  T.09
85 321 Terreno 10 7d 17:00 3/5/2018 08:00 27/4/2018  08:00 27/4/2018 17:00 3/5/2018 T.10
56 3.2.12 Terreno 11 7d 17:00 10/5/2018  08:00 4/5/2018 08:00 4/5/2018 17:00 10/5/2018  T.11
57 3213 Terreno 12 7d 17:00 17/5/2018  08:00 11/5/2018 08:00 11/5/2018 17:00 17/5/2018 T2
58 3.3.00 3.c - Realizzazione diaframma plastico con tecnica csm e sistema di drenaggio acque di fa 14d 17:00 31/5/2018 08:00 18/5/2018 08:00 18/5/2018 17:00 31/5/2018 ‘ M
59 3.3.01 Sottocordolo 00-09 2d 17:00 19/5/2018  08:00 18/5/2018  08:00 18/5/2018 17:00 19/5/2018  SC.0
60 3.3.02 Sottocordolo 10-19 2d 17:00 21/5/2018  08:00 20/5/2018  08:00 20/5/2018 17:00 21/5/2018  SC.1
61 3303 Sottocordolo 20-29 2d 17:00 23/5/2018  08:00 22/5/2018  08:00 22/5/2018  17:00 23/5/2018  SC.2
62 3.3.04 Sottocordolo 30-39 2d 17:00 25/5/2018  08:00 24/5/2018  08:00 24/5/2018 17:00 25/5/2018  SC.3
63 3.3.05 Sottocordolo 40-49 2d 17:00 27/5/2018  08:00 26/5/2018  08:00 26/5/2018  17:00 27/5/2018  SC.4
64  3.3.06 Sottocordolo 50-59 2d 17:00 29/5/2018  08:00 28/5/2018  08:00 28/5/2018 17:00 29/5/2018  SC.5
65 3.3.07 Sottocordolo 60-69 2d 17:00 31/5/2018  08:00 30/5/2018  08:00 30/5/2018 17:00 31/5/2018  SC.6
66  3.4.00 3.d - Pali di fondazione ed elevazione impalcato 289d, 1m 17:00 8/7/2018 08:00 12/10/2017  08:00 1/3/2018 08:01 15/12/2018
67 3.4.01 Impalcato 31 184d, 1m 17:00 26/10/2017  08:00 12/10/2017  08:00 1/3/2018 08:01 1/9/2018 IM.31 -
68 3.4.02 Impalcato 32 14d, 1m 17:00 15/11/2017  08:00 27/10/2017  08:00 22/3/2018  08:01 5/4/2018 IM.32 'ﬂ i
69 |3.4.03 Impalcato 33 11d, 1m 17:00 30/11/2017 | 08:00 16/11/2017 | 08:00 30/3/2018 | 08:01 10/4/2018 |IM.33 'E i
70 3404 Impalcato 34 12d, 1m 17:00 15/12/2017 |08:00 1/12/2017 | 08:00 5/4/2018 08:01 17/4/2018  |IM.34 '5 i
71 3.4.05 Impalcato 35 13d, 1m 17:00 30/12/2017 |08:00 16/12/2017 | 08:00 10/4/2018 | 08:01 23/4/2018 |IM.35 'E i
72 3406 Impalcato 36 12d, 1m 17:00 14/1/2018 | 08:00 31/12/2017 | 08:00 15/4/2018 | 08:01 27/4/2018 |IM.36 '5 i
73 |3.4.07 Impalcato 37 5d, 1m 17:00 3/2/2018 08:00 15/1/2018 | 08:00 25/4/2018 | 08:01 30/4/2018 | IM.37 '5
74 3408 Impalcato 38 188d, 1m 17:00 23/2/2018 | 08:00 4/2/2018 08:00 10/6/2018 | 08:01 15/12/2018 |IM.38 '5
75 |3.4.09 Impalcato 39 30d, Tm 17:00 15/3/2018 | 08:00 24/2/2018 | 08:00 2/4/2018 08:01 2/5/2018 IM.39 'ﬁ
76 3410 Impalcato 40 12d, 1m 17:00 4/4/2018 08:00 16/3/2018 | 08:00 3/5/2018 08:01 15/5/2018 | IM.40 -
77 341 Impalcato 41 156d, 1m 17:00 24/4/2018 | 08:00 5/4/2018 08:00 10/5/2018 | 08:01 25/5/2018 | IM.41 'E i
78 |3.4.12 Impalcato 42 21d, 1m 17:00 9/5/2018 08:00 25/4/2018 | 08:00 15/5/2018 | 08:01 5/6/2018 IM.42 'E
79 [ 34.13 Impalcato 43 19d, 1m 17:00 29/5/2018 | 08:00 10/5/2018 | 08:00 6/6/2018 08:01 25/6/2018  |IM.43 ':
80 |34.14 Impalcato 44 30d, Tm 17:00 18/6/2018 | 08:00 30/5/2018 | 08:00 10/6/2018 | 08:01 10/7/2018 |IM.44 M
81 3415 Impalcato 45 72d 17:00 8/7/2018 08:00 19/6/2018 | 08:00 1/7/2018 17:00 10/9/2018  |IM.45 :
82 | 4.0.00 4- 202d 08:00 30/11/2018 | 08:00 9/7/2018 08:00 23/5/2018 17:00 10/12/2018
93 |4.2.00 4.d - Impianti 144d 17:00 29/11/2018 | 08:00 9/7/2018 08:00 9/7/2018 17:00 29/11/2018 #
107 |0.0.02 Vincolo erogazione dei contributi europei 0d 08:00 30/11/2018 | 08:00 30/11/2018 >
fat Piattaforma Logistica Trieste Dated 8/2/2016 Drawn by Diego Aichino Programme No P—
Saparamene Primo Stralcio RevNo Rev comments ssn chlll, hE
Client Autorita Portuale di Trieste Notes Printed 00,05 15772019

<C:\Users\aichi\Documents\Diego'Polito\3 - Tes\PLT\PLT_1S_PRM\PLT 1-IFC-Version final.sp>, Page 2 of 3

| 1X



Application of standards in the MEP modelling and data management throughout BIM methodology - Case Study: Piattaforma Logistica di Trieste

Jan 2016 Jan 2017 Jan 2018 Jan 2019]
D Name Duration  BL Early Finish BL Early Start Actual Start Actual Finish Resources Code (Text1) Apr Jul Oct Apr Jul QOct Apr Jul QOct Al
wk -161wk -148wk -134wk -121wk -108wk -95 wk -82 wk -69 wk -56 wk -43 wk -30 wk -17 W
83 4.1.00 4.a - Pali di fondazione ed elevazione impalcato 202d 17:00 29/11/2018  08:00 9/7/2018 08:00 23/5/2018 17:00 10/12/2018 -
84 4.1.01 Impalcato 46 17d 17:00 26/7/2018 08:00 9/7/2018 08:00 10/7/2018 17:00 26/7/2018 IM.46 '
85 4.1.02 Impalcato 47 83d 17:00 13/8/2018 08:00 27/7/2018 08:00 23/5/2018 17:00 13/8/2018 IM.47 i
86 4.1.03 Impalcato 48 67d 17:00 29/8/2018 08:00 14/8/2018 08:00 27/5/2018 17:00 1/8/2018 IM.48 - ‘5
87 4.1.04 Impalcato 49 76d 17:00 14/9/2018 08:00 30/8/2018 08:00 1/6/2018 17:00 15/8/2018 IM.49 - 'E
88 4.1.05 Impalcato 50 107d 17:00 28/9/2018 08:00 15/9/2018 08:00 6/6/2018 17:00 20/9/2018 IM.50 _5
89 4.1.06 Impalcato 51 74d 17:00 14/10/2018 08:00 29/9/2018 08:00 20/7/2018 17:00 1/10/2018 IM.51 i
90 41.07 Impalcato 52 93d 17:00 29/10/2018 08:00 15/10/2018 08:00 1/8/2018 17:00 1/11/2018 IM.52 i
91 4.1.08 Impalcato 53 93d 17:00 14/11/2018 08:00 30/10/2018 08:00 10/8/2018 17:00 10/11/2018  IM.53 H
92 4.1.09 Impalcato 54 113d 17:00 29/11/2018  08:00 15/11/2018 08:00 20/8/2018 17:00 10/12/2018 IM.54 _
94 4201 Cordolo 00-05 11d 17:00 19/7/2018 08:00 9/7/2018 08:00 9/7/2018 17:00 19/7/2018 CO0.00-05
95 4.2.02 Cordolo 06-10 11d 17:00 30/7/2018 08:00 20/7/2018 08:00 20/7/2018 17:00 30/7/2018 C0.06-10
96 4203 Cordolo 11-15 11d 17:00 10/8/2018 08:00 31/7/2018 08:00 31/7/2018 17:00 10/8/2018 CO.11-15
a7 4.2.04 Cordolo 16-20 11d 17:00 21/8/2018 08:00 11/8/2018 08:00 11/8/2018 17:00 21/8/2018 C0.16-20
98 4.2.05 Cordolo 21-25 11d 17:00 1/9/2018 08:00 22/8/2018 08:00 22/8/2018 17:00 1/9/2018 C0.21-25
99 4206 Cordolo 26-30 12d 17:00 13/9/2018  08:00 2/9/2018  08:002/9/2018  17:00 13/9/2018  C0.26-30
100 4.2.07 Cordolo 31-35 11d 17:00 24/9/2018  08:00 14/9/2018  08:00 14/9/2018  17:00 24/9/2018  C0.31-35
101 4.2.08 Cordolo 36-40 11d 17:005/10/2018  08:00 25/9/2018  08:00 25/9/2018  17:00 5/10/2018  CO.36-40
102 4.2.09 Cordolo 41-45 11d 17:00 16/10/2018  08:00 6/10/2018  08:00 6/10/2018  17:00 16/10/2018 CO.41-45
103 4.2.10 Cordolo 46-50 11d 17:00 27/10/2018  08:00 17/10/2018  08:00 17/10/2018 17:00 27/10/2018 CO.46-50
104 4.2.11 Cordolo 51-55 11d 17:007/11/2018  08:00 28/10/2018 08:00 28/10/2018 17:00 7/11/2018  CO.51-55
105 4.2.12 Cordolo 56-60 11d 17:00 18/11/2018  08:00 8/11/2018  08:00 8/11/2018  17:00 18/11/2018  CO.56-60
106 4.2.13 Cordolo 61-65 11d 17:00 29/11/2018  08:00 19/11/2018  08:00 19/11/2018  17:00 29/11/2018  CO.61-65
108 5.0.00 5- Pavimentazione a terra, arredi di banchina 113d 17:00 29/1/2019  08:00 30/111/2018  08:00 10/12/2018  17:00 1/4/2019
109 5.1.01 Ro-Ro 113d 17:00 29/1/2019  08:00 30/11/2018  08:00 10/12/2018 17:00 11412019 RR e
110 0003  Fine od 17:00 29/1/2019
Tt Piattaforma Logistica Trieste Dated 8/2/2016 Drawn by Diego Aichino Programme No —
T Primo Stralcio Rev Mo Rev comments ssuv!wll, ht
Client Autorita Portuale di Trieste Notes et 0005 15772010
— —
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